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Sin, 

Iir  an  age  like  the  present,  when  the  rich  and  the 
powerful  identify  their  interests  with  the  welfare  of  the 
poor  and  uninformed^  when  the  wise  and  the  good  com- 
bine in  furthering  the  difiusion  of  sound  principles  and 
useful  knowledge  among  those  who  constitute  the  most 
important,  though  hitherto  the  most  neglected,  portion  of 
the  community,  there  is  not  one  who  can  view  the  future 
m  the  past  but  must  anticipate  with  such  data  before 
him,  a  change  as  brilliant  in  its  effects,  as  it  is  honour- 
able  to  those  who  are  engaged  in  promoting  it 

The  advanced  state  of  science,  and  the  comprehen- 
sive views  of  a  just  and  liberal  pliilosophy,  animate 
those  who  for  many  years  have  compared  theory  with 
practice  to  come  forward  in  the  hope  of  being  able  to 
offer  something  in  aid  of  the  common  cause. 
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Such  feelings.  Sir,  have  encouraged  me  to  publish  the 
following  pages,  which,  as  an  earnest  of  their  fiiture  suc- 
cess, I  am  permitted  to  dedicate  to  yourself. 

A  Work  of  this  kind,  combining  in  the  most  condensed 
form  the  acknowledged  principles  and  recent  improve- 
ments in  Mechanical  Science,  and  professing  to  be 
adapted  in  every  possible  way  to  the  use  of  the  Me- 
chanic and  Machinist,  could  not  well  find  a  Patron  more 
congenial  to  its  Spirit  than  one^  who,  during  a  long 
series  of  years,  has  laboured  with  no  common  devotion 
in  promoting  their  benefit. 

I  am. 

Sir, 

Your  most  obedient,  and 

much  obliged  humble  Servant, 

JOHN  NICHOLSON. 
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PREFACE. 


Thr  discoveries  of  Watt  and  Arkwrioht,  which 
yiddedatoDce  such  immense  national  as  well  as  indiridual 
prosperity,  must  ever  be  regarded,  as  forming  a  new  era 
in  the  arts  of  life  and  the  domestic  policy  of  nations. 
Ti!ie  riches,  extraordinary  as  unprecedented,  inexhaus- 
tible as  unexpected^  thus  acquired  by  a  skilful  system  of 
mechanical  arrangement  for  the  reduction  of  labour, 
gave  the  impetus  which  has  led  to  the  numerous  dis- 
coveries, inventions,  and  improvements,  in  every  de- 
partment of  our  manufactures,  and  raised  them  to  their 
present  state  of  perfection. 

With  respect  to  our  primary  and  most  elaborate  pieces 
of  mechanism,  however  intricate  and  incomprehensible 
they  may  appear  to  the  inexperienced,  they  are  in  the 
eye  of  the  practical  man  mere  elegant  modifications  and 
combinatiojis  of  a  few  simple  principles*  These  princi- 
ples, after  some  necessary  observations  on  the  Forces 
acting  on  Matter,  on  Friction,  and  the  Centre  of  Gravity, 
are  fully  elucidated  m  the  account  of  '^  The  Mechani- 
cal Powers.*' 

These  are  followed  by  what  is  indispensably  necessary 
to  the  proper  construction  of  Mill-work,  viz.  a  descrip- 
tion of  Bevel  and  Spur  Geer,  the  longitudinal  connex- 
Hon  of  Shafts,  termed  Coupling,  the  most  approved 
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method  of  Disengaging  and  re-engaging  machinery, 
and  of  the  Equalization  of  Motion^  with  some  general 
Practical  Observations,  given  mider  the  article  "  Mill 
Geering.'* 

Tlie  reader  who  attentively  peruses  these  articles  will 
be  in  possession  of  the  primary  points  of  Mill- work  ; 
we  have,  therefore,  next  introduced  to  his  notice,  under 
Animal  Strength,  Water,  Wind,  and  Steam,  the 
best  modes  of  applying  the  Moving  Powers  ;  and  to 
them  is  annexed  a  short,  though  concise,  account  of 
Brown's  Vacuum  or  Pneumatic  Engine^  which  may, 
with  improvements,  be  made  most  effective  for  loco- 
motion and  other  light  purposes. 

As  the  reduction  of  wheat  into  flour  forms  so  essential 
a  part  of  domestic  ceconomy,  and  as  the  force  which 
gives  a  rotatory  motion  to  tlie  upper  mill-stone  is  almost 
invariably  imparted  either  by  wind  or  water,  we  have 
thought  it  no  deviation  from  scientific  arrangement,  to 
introduce  at  the  end  of  these  two  articles  a  description 
of  a  Flour-mill  ;  as,  by  that  means,  the  reader  will 
be  enabled  to  form  a  tolerably  correct  notion  of  the  man- 
ner of  imparting  motion  from  the  water-wheel,  or  leader, 
to  the  other  parts  of  machinery.  And  while  upon  this 
subject  we  have,  with  a  view  ^to  mate  the  ^ovk  gene- 
rally useful,  described  the  hand  and  foot  methods  of 
grinding  com,  that  those  who  live  not  in  the  vicinity  of  a 
mill,  or  who  do  not  choose  to  submit  to  the  impositions 
said  to  be  practised  by  many  millers,  may,  at  a  compa* 
ratively  trifling  expense,  have  the  work  performed  at 
home. 

A  knowledge  of  the  strength  of  materials  bebg 


JPRXFAOU  yii 

at  aU  times  important  in  the  comtruction  of  Mill-work, 
more  particularly  in  ttiose  parti  which  have  to  ais- 
tain  the  greatest  fbrce^  or  put  the  whole  of  the  other  parts 
of  the  machinery  in  motion,  we  have,  oext  to  the  Moving 
Powers,  inserted  a  letter  from  Mr.  RfiNNiE,  jun*  to  Dr* 
TouMo,  describing  a  series  of  very  satisfactory  experi- 
ments made  on  this  subject. 

A  description  of  Htj>raulic  Ehoines  n»t  follows  l 
and  tiiese  are  succeeded  by  certain  Simplb  Machines 
acting  as  accessories  to  our  manufacturest  So  that,  by  tha 
time  the  reader  has  advanced  thns  far,  he  will  have  be* 
come  so  thoroughly  intimate  wttli  machinery,  as  easily 
to  comprehend  and  appreciate  tbe  several  excellencies 
of  our  Staple  Manufactures,  which  are  next  unfolded 
to  his  view. 

The  whole  was  intended  to  be  concluded  with  an  ex* 
amination  of  those  arts  termed  Manual,  in  a  Treatise 
on  the  Art  of  Building  ;  except,  indeed,  with  the 
addition  of  an  Appendix,  containing  a  short  end  concise 
treatise  on  Practical  Geometry  and  Mensuration, 
with  a  Collection  of  approved  Receipts,  and  a  Glos* 
SART ;  but  the  interest  which  has  lately  been  excited  re- 
electing Railways  and  Locomotive  Enoinbs  has  led 
to  the  extension  of  the  Work,  about  thirty  pages,  with  an 
article  on  those  oonstractions. 

Althouj^  there  are  several  very  excelleid;  treattaes  on 
Mechanics  and  Mill-work  now  extant,  yet,  presuming 
on  an  arrangement  widely  different  to  that  of  others,  by 
which  the  least  erudite  and  most  inexperienced  may  ac- 
quire something  more  than  a  mere  Superficial  Knowledge 
of  Machmery,  the  Author  trusts  that  the  following  pages 
will  meet  with  a  favourable  reception. 
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In  the  course  of  bis  labours  be  has.  derived  mate- 
rial assistance  from  many  of  his  scientific  friends,  to 
whom  he  thus  publicly  expresses  his  acknowledgments ; 
and  more  particularly  to  that  Gentleman  to  whom  the 
volume  is  dedicated. 

In  a  Work  of  such  a  nature  it  is  generally  understood 
that  extracts  are  justified,  as  the  description  of  many 
things  not  new  are  requisite,  and  the  language  could  not 
in  genial  be  improved.  In  such  cases,  however,  the 
authority  has,  in  general,  been  acknowledged,  and  in  a 
way  calculated  to  advance  the  honour  and  interest  of 
every  improver  and  discoverer. 

The  volume  in  its  design  and  execution  is  offered  as  a 
companion  to  the  workshop,  consequently  abstract 
and  theoretical  principles  have  been  allowed  to  mingle 
no  further  than  has  been  indispensably  necessary  to  the 
perfect  illustration  of  the  use  and  application  of  the 
object  described.  The  Work  has,  therefore,  no  simi- 
larity to  the  Mathematical  Illustrations  of  Wood,  Gre- 
gory, or  Emerson,  each  of  which,  and  more  particu- 
larly that  of  Dr.  Olinthus  Gregory,  deserves  to  be 
«poken  of  with  great  respect 

A  Book  comprehensive  and  practical,  emjiracing  the 
whole  subject  as  living  and  contemporaneous,  and  as 
connected  with  private  profit  and  public  glory,  instruc- 
tive to  individuals  and  illustrative  of  the  genius  of  the 
age  in  its  best  direction,  has  been  the  object  of  the 
Author,  and  he  hopes  he  has  not  laboured  in  vain. 

London^ 
March,  1825. 
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DESCRIPTION  OF  THE  FRONTISPIECE. 


This  Plate  represents  a  front  view  of  a  Steam-Engine  con- 
nected with  a  Sugar-Min,  as  constructed  by  Messrs.  Taylor 
and  Martmeaa,  who  have  kindly  permitted  onr  draftsman 
to  make  a  drawing  of  it 

This  Engine,  boi^  only  twelve  tiroes  larger  than  the 
drawings  is,  fiom  its  compactness  and  simplicity  of  con- 
stmction,  pecniiariy  applicable  to  most  of  the  manofiEK^tures 
round  the  metiopolis,  where  power  of  a  moderate  amount 
is  in  general  required. 

It  works  horizontally,  at  from  90  to  40lbs.  pressure  per 
square  inch,  without  condenser,  having  metallic  pistons 
and  slide-valves,  and  only  requires  eight  screw-bolts  to 
fasten  it  to  oak  sleepers,  or  frame-work  of  moderate  scant- 
ling. 

A  U  a  crank  connected  with  the  piston-rod,  which,  as  it  works  in  the 
cylinder  horizontally,  cannot  he  seen.  B  is  the  cylinder,  into  which 
steana  is  admitted  from  the  holier,  hy  means  of  the  pipe  C  C  C.  The 
amount  of  steam  flowing  into  the  cylinder  is  reflated  by  the  throttle 
▼aire  at  D,  which  is  opened  and  shut  at  proper  intervals  by  the  rod  E  E 
E.  P  F  is  the  g^oTemor,  or  regulator,  consisting  of  two  heayy  balls, 
witk  die  sliding  collar  a,  suspended  from  the  top  of  a  vertical  spinale  6  b, 
at  tbe  axis  c.  "this  spindle  is  connected  with  the  main  shaft,  by  a  strap 
passing  over  thesheefes  orpullies,  O  G  6,  which  cause  it  to  revolve ;  and 
as  its  speed  varies  with  that  of  the  main  shaft,  the  governors  F  F,  ac- 
cording as  its  speed  increases  or  decreases,  have  a  tendency  either  to  fly 
from,  or  approach  to,  the  spiudle.  This  rise  or  depression  of  the  go- 
vernor affects  the  rod  E  E  E,  to  which  it  is  connected,  and  regulates  the 
quantity  of  steam  flowing  from  the  boiler  into  the  cylinder. 

H  is  a  piece  to  connect  the  top  part  of  the  piston-rod  with  the  rod  I, 
so  that  by  the  motion  of  the  crank  the  rod  I  is  also  moved,  which  rod 
moves  the  slide  valves  in  the  cylinder  K.  By  the  action  of  these  valves, 
steam  is  altemately  admitted  on  the  opposite  sides  of  the  piston ;  and  a» 
the  engine  does  not  condense  its  steam,  there  are  two  pipes,  placed 
one  at  each  end  of  the  cylinder,  to  carry  it  off.  One  of  these  pipes  is 
seen  at  N,  When  the  piston  has  been  driven  by  the  force  of  the 
steam  to  the  other  extremity  of  the  cylinder,  the  steam,  by  the  action  of 
the  slide  valveSy  is  shut  off  from  this  end,  aud  allowed  to  flow  into  the 
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opposite  end  of  the  cylinder ;  the  orifice  of  the  pipe^  being^  at  the  lame 
time  opened,  the  steam  at  this  end  is,  by  the  returning'  action  of  the 
piston,  dri?en  through  the  pipe  N,  aud  conveyed  away  under  ground, 
leaving  this  end  of  the  cylinder  ready  for  a  fresn  supply. 

The  power  generated  by  this  simple  arrangement  is  made  to  effect  the 
re<juirea  purpose  by  means  of  the  shafting  GOO.  On  this  shafting,  at 
a  httle  distance  from  the  engine,  is  an  eccentric,  L,  to  raise  the  rcSl  M, 
to  pump  water  into  the  boiler  when  required:  and  at  nearly  the  further 
eno  of  the  shafting  is  another  eccentric,  W,  which  imparts  motion  to  the 
rod  V,  for  the  purpose  which  we  shall  hereafter  describe. 

The  rotatory  motion  which  the  crank  has  received  from  the  engine  is 
imparted  to  the  shaftin|f,  to  the  eccentric  L,  the  coupling-box  d,  the 
fly-wheel  P,  theeccentnc  W,  and  the  pinion  Q,  .which  plays  in  the  lar^e 
cog-wheel,  R,  on  the  shaft  S,  and  thence  is  imparted  to  the  rollers  of^a 
sugar-mill,  which  rollers  are  moved  at  equal  speeds  by  the  pinions  U  U. 

In  this,  and  most  other  Sugar-mills,  there  are  three  rollers, 
two  at  the  bottom,  and  one  lying  between  the  other  two  at 
the  top.  Through  these  rollers  sugar  canes  are  passed,  and 
the  compressed  juice  falls  into  a  receiver,  from  whence  it 
is  pumped,  by  the  movement  of  the  rod  V,  into  a  copper,  or 
other  receiver.  At  that  part  of  the  shafting  marked  e  e, 
sufficient  space  is  left  to  allow  of  play  when  the  canes  are 

Eassed  through  the  rollers,  otherwise  the  shafting  would 
e  very  apt  to  snap  and  be  destroyed. 
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OPERATIVE 
MECHANIC  AND  MACHINIST. 


OF  THE  ACTION  OP  FORCES. 

Aix  matter  is  continually  under  the  operation  of  forces^ 
whicfay  if  acting  upon  it  equally,  and  in  opposite  directions, 
maintain  it  in  a  state  of  rest.    But  if  a  newly  created  force 
act    upou  a  body  in  such  a   direction,    and  to   such   an 
extent,  as  to  overcome  the  forces  under  whose  action  that 
body,  in  common  with  all  other  matter,  exists,  the  result 
ifnU    be    motion  communicated  to  that  body;   and  in  an 
exact  proportion  as  that  newly  created  force  exceeded  the 
amount  of  forccB  that  were  previously  acting  upon  it  in  the 
opposite   direction.    For  example,  if  a  man  lift  a  pound 
weight  three  feet  from  the  ground,  the  amount  of  motion 
created  by  that  action  is  exactly  equal  to  the  amount  his 
newly  created  force  exceeded  the  force  of  gravity  or  weight 
which  acted  on  the  matter :  for  if  his  force  had  not  exceeded 
the  force  of  gravity,  it  is  manifest  that  that  motion  could  not 
have  been  created;  and  if  the  force  of  gravity  had  not  existed, 
it  is  again  manifest  that  the  amount  of  motion  would  be 
exactly  in  proportion  to  the  amount  of  the  whole  of  the  force 
he  had  applied.    Again,  if  his  force  only  exactly  equaUed, 
and  did  not  exceed  the  force  of  gravitation,  motion  could  not 
have  taken  place,  and  the  body  would  have  remained  at  rest. 
Iliis  state  of  rest,  maintidned  by  the  contrary  action  of 
two  equal  forces  upon  a  body,  is  called  equiUMum.    But 
the  term  equilibrium  is  most  commonly  applied  when  one 
or  more  bodies  are,  by  the  mere  force  of  gravitation,  main- 
tinned  in  a  state  of  quiescence,  or  rest:  thus,  if  a  bar  of 
iron,  A  B,  fig.  1,  is  supported  at  its  centre  C,  it  will  balance, 
or  remain  horizontal,  as  the  quantity  of  matter  in  C  A  is 
exactly  equal  to  that  in  C  B,  and  the  amount  of  the  gravitating 
force  pn^rtional  to  the  quantity  of  matter  that  is  in  each 
arm  of  the  bar :  likewise,  if  a  ball.  A,  fig.  2,  be  acted  upon 
by  a  force  at  B,  and  by  another  force,  exactly  equal,  at  C, 
the  ball  A  will  be  maintained  in  a  state  of  quiescence,  termed 
equilibrions. 
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THE  OPSRATIVfi  MECHANIC 


tn  the  common  operations  of  mechanics^  the  fonner 
state  of  equilibrium  frequently  occurs ;  the  latter  rarely^ 
and  never  with  any  permanent  duration;  by  the  term 
equilibrium^  therefore^  in  general^  is  understood^  the  position 
first  cited. 

Upon  duly  oonstdering  that  matter^  when  between  forces 
acting  in  opposite  directions,  is  in  a  state  of  equilibrious 
quiescence,  it  will  be  manifest,  that   motion   cannot   be 
obtained   without    destroying    the  equilibrium.      It    must 
not  therefore  be  supposed,  that  ihe  forces  of  gravitation 
or  adhesive  attraction  can  produce  motion,  as  has  been 
erroneously  urged  by  some,  but  rather   that  all  the  mo- 
tion these  powers  are  capable  of  producing  was  primarily 
exerted  to  bring  matter  into  that  state  of  equilibrium  in 
which  we  find  it.     Wherever  that  equilibrium  is  disturbed 
by  extraneous  causes,  the  resultant  motion,  attainable  by 
such  disturbance  of  the  general  equilibrium,  has  long  since 
been  known,  and  applied  to  useful  purposes.    We  may  with 
propriety,  therefore,  deduce  from  these  considerations,  the 
perfect  fallacy  of  that  most  ruinous  and  speculative  notion  of 
a  perpetually  moving  force.     Many  who  have  wasted  their 
time  m  attempts  to  attain  that  object,  have  either  supposed 
that  the  force  of  gravitation  could  obtain  motion,  or  that 
motion  once  obtained  could  of  itself  increase  its  force;  which 
was  about  as  rational  as  to  suppose  that  any  substance  could 
of  itself  increase  its  own  bulk.     The  powers  with  which 
.nature  has  supplied  us,  have,  as  far  as  we  are  aware  of, 
been  already  applied ;  and  should  there  be  others  existing  of 
which  we  are  ignorant,  or  which  we  have  not  reduced  to  our 
command,  the  search  for,  and  developement  of  such  objects, 
are  praiseworthy  and  valuable:  but  let  us  with  confidence 
hope,  tiiat  the  labomrs  of  ingenuity  will  no  longer  be  drawn 
aside  from  the  paths  of  prolific  study,  by  tins  destructive 
phantasy. 

Returning  from  this  digression,  when  a  body  is  operated 
upon  by  a  force,  and  acquires  motion,  that  motion,  taking 
into  account  the  amount  of  space  through  which  the  body 
passes  in  a  given  time,  is  called  the  velocity  c/  the  body; 
and  according  as  the  extent  of  distance  increases  or  decreases 
in  a  greater  or  less  period  of  time/  the  velocity  is  said  Xo 
increase  or  decrease* 

If  a  force  acting  upon  any  body,  and  causing  motion, 
shall  continue  to  act  upon  it  in  the  same  direction,  so  as 
to  continue  to  increase  that  motion,  the  body,  under  such 
circumstances,  is  said  to  attain  accelerated  velocity.    And 
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II  Ik  body  be  put  in  motion  by  a  certain  force^  and  another 
force  operate  upon  it  in  a  contrary  direction,  so  as  to  tend 
to  bring  it  to  a  state  ctf  equilibrium^  such  motion  is  called 
TMaided  motion.* 

*Tlie  simplot  enaiple  of  aoeelenrted  notioii,  is  eilnbtted  in  tiie 
action  of  the  force  of  f^yitaUon  vapon  a  falling  bodjTi  where  the  Unie 
continues  to  act  during  its  descent,  and  regularly  increases  in  velocity ; 
so  that  if  a  body  A,  fig.  3,  be  allowed  to  fall  from  that  position  towards 
the  earthy  it  wfll  pass  through  sixteen  ftet  during  the  4irst  seoond  uf 
time^  finty<eight  Mi  daring  the  next,  and  eighty  feet  during  the  thin). 
Had  its  aioticm  been  regulur  during  these  three  seconds  of  time,  it  would 
have  passed  through  only  three  times  sixteen,  or  forty-eight  feet,  whereas 
it  has  passed  through  one  hundred  and  forty-four  feet,  by  reason  of  the 
force  wnich  first  caused  its  motion  continuing  to  act  upon  it.  Now  as 
Us  vdocity  increases  rmilariy,  we  may  conclude,  that  during  the  per- 
fennanoe  of  the  first  halt  of  the  sixteen  feet,  it  was  not  proceeding  at  the 
Tate  of  sixteen  feet  per  second ;  and  if  we  suppose  it  was  proceeding 
onlv  at  half  that  velocity,  then  it  must  have  travelled  through  the  second 
hall  at  the  rate  of  Aitty-two  feet  per  second ;  or,  if  the  first  eight  feet 
took  three  qnaiters  of  the  second,  the  second  ei^t  feet  must  have  Keen 
peifomed  in  the  remaintag  quarter,  therefore,  when  the  body  arrived  at 
b,  it  would  be  proceeding  at  the  rate  of  thirty-two  feet  per  second ;  to  which, 
if  we  add  the  ibrce  that  continues  to  urge  it  at  the  rate  of  sixteen 
feet  per  second,  it  will  exhibit,  for  the  second  space,  a  velocity  of  forty- 
eight  feet  per  second :  and  if  for  the  third  spece  we  double  its  increasing 
velocity  of  tfaifty-^wo  feet,  and  add  that  oested  by  the  continued  force, 
we  shall  have  twice  thirty-two,  and  sixteen,  are  eighty,  which  is  the 
result  of  experiment.  The  velocity  of  bodies  under  the  continuous  action 
of  any  given  force,  will,  it  appears,  increase  as  the  odd  numbers  1,  3,  5, 
^y  9,  Sec.,  that  is,  sixteen  feet  during  the  first  second,  thrice  sixteen  feet 
during  die  next  second,  five  rimes  sixteen  during  the  third  second,  and 
«o  on;  or,  as  the  relative  pottionB  of  the  auperficial  space  under  equal 
parts  of  the  perpoidicular  in  a  right  angled  triangle,  as  represented 
at  ^.  3 :  where  0  to  1  represents  the  first  second  of  time,  1  to  2  the  second, 
and  2  to  3  the  third.  It  vriQ  be  perceived,  that  under  each  of  these  por- 
tions,  the  space  contained  in  the  triangle  will  be  as  1,  3,  5 ;  such  is  unirorm 
aoorierated  motion.  But  if  the  continuous  force,  whidi  has  been  shown 
to  increase  the  velocity,  vary  in  its  actian  upon  the  body,  it  is  plain  the 
increase  will  be  no  longer  uniform. 

From  a  dear  comprehension  of  the  acceleration  of  motion  in  bodies 

tiie   retardation  of  motion  will  be  easily  conceived :   for  example,  if  a 

hody  be  caat  perpendiculaxly  from  the  eartii,  as  in  the  firing  of  a  shot 

horn  a  cannon  upvnuids,  the  force  of  the  powder,  overcoming  the  force 

of  gravitation,  will  cause  the  ball  to  rise  with  a  certain  velocity,  whilst 

tiot  attraction  continuing  to  operate  in  the  opposite  direction,  checks 

by  T^ular  gradations    the   created   force,   and  eventually  destroys  it. 

Unu  ike  distance   which  the  shot  would  have  accomplished  during  the 

iint   second  of  time,  is  reduced  by  sixteen  feet;  that  which  it   would 

hare  aceompliabed    during  the  next  second,  by   forty-^ight;  and  so  on 

HOtii  the  created  power  is  counterbalanced  by  the  forc^  of  gravity,  and 

the  ball  arrives  at  a  state  of  rest ;  when  the  force  of  gravity  acting  upon 

If  sofe/r  will  caase  it  to  move  in  the  opposite  direction,  till  it  descends  to  the 

earlii  .  ^2 
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When  a  ball,  attached  to  a  centre  by  a  flexible  cord,  is  put 
in  motion  by  any  one  force,  which,  in  common  with  aU  other 
forces,  acts  in  a  right  line,  the  motion  will  be  circular.  The 
tendency  which  such  body  has  to  fly  from  the  centre,  is 
called  the  centrifugal  force;  and  that  exerted  by  the  cord  to 
draw  it  towards  the  centre,  the  centripetal  force. 

When  a  body  is  set  in  motion  by  any  force,  it  is  enabled, 
to  a  certain  extent,  to  act  on  other  bodies,  and  create 
motion  in  them;  and,  as  the  velocity  it  obtained  was  as 
the  power  expend  }d  to  create  that  motion,  so  is  the  power 
of  transmitting  that  motion  to  its  velocity.  This  power 
of  communicating  motion,  or,  in  other  words,  this  force 
possessed  by  matter  in  motion,  is  termed  momentum^  or 
the  monng  force;  and  the  mode  of  transmitting  it,  impact: 
as  this  force  is  proportional  to  the  velocity  possessed  by 
every  particle  of  matter  composing  any  body,  the  mo- 
mentum must  be  represented  by  the  quantity  of  matter 
multiplied  by  its  velocity.  For  instance,  suppose  one  hun- 
dred particles  of  matter  were  moving  at  the  rate  of  one  foot 
per  second,  the  power  requisite  to  overcome  their  force 
is  exactly  the  same  as  that  which  would  be  necessary  to  arrest 
the  motion  of  one  particle  moving  at  the  rate  of  one  hundred 
feet  per  second :  for  the  velocity  of  the  hundred  particles 
being  one  foot  per  second  each,  their  total  force  would  be 
the  force  existing  in  one  of  them  multiplied  by  one  hundred : 
and  again,  as  the  force  is  in  proportion  to  the  velocity,  one 
particle  moving  at  the  rate  of  one  foot  per  second,  multipled 
by  one  hundred  in  regard  to  velocity,  will  produce  a  similar 
result.  Also,  if  a  body  of  one  pound  weight  be  moving  at 
the  rate  of  one  foot  per  second,  it  will  possess  a  certain 
momentum  J  and  if  either  its  weight  or  its  velocity  be  doubled, 
its  momentum  will  be  likewise  doubled :  if  both  be  doubled, 
the  momentum  will  be  quadrupled. 

Having  now  considered  the  action  of  one  and  two  forces 
acting  together  in  opposite  and  similar  directions,  we  will 
proceed  to  examine  the  action  of  two  forces  upon  a  body, 
acting  neither  in  the  same,  nor  in  contrary  directions.  Thus, 
if  the  line  A  B,  fig.  4,  represent  a  force  sufficient  to  carry 
the  body  A  to  the  point  B,  and  AC  represent  another 
force  sufficient  to  carry  the  body  A  to  the  point  C,  then 
A  C  and  A  B  being  equal  to  C  D  and  B  D,  and  those  two 
forces  act  upon  the  body  subsequently  to  each  other,  we 
may  conceive  that  the  body  would,  by  passing  over  the 
lines  A  B  and  B  D,  or  A  C  and  C  D,  be  carried  to  the  point 
D.    Now,  if  they  act  upon  the  body  at  the  same  instant. 
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the  result  will  be  die  same^  and  the  total  expenditure  of  the 
forces  will  piace  the  body,  passing  by  the  line  A  D,  at  the 
point  B.  Likewise,  if  the  forces  A  B  and  A  C  be  not  at  right 
angles,  as  in  fig.  5,  still  as  CD  and  B  D  are  equal,  and  in 
similar  directions  to  A  B  and  A  C,  the  motion  received  from 
liiem  by  A  will  be  represented  in  amount  and  direction  by 
tlie  line  A  D.  But  supposing  A  B  shall  be  twice  or  thrice 
the  power  of  A  C,  then  the  effect  will  be  the  same  as  is  shown 
in  fig.  6,  where  the  line  AB  represents  thrice  the  power  of 
A  C.  The  separate  actions  of  A  B  and  A  C  will  be  repre- 
sented as  before  by  B  D  and  C  D,  which  would  place  the 
body  A  at  the  pmnt  D ;  therefore  their  combined  force  will 
cause  it  to  pass  by  the  diagonal  line  AD,  as  in  the  former 
instance.  This  pi  ores  that  any  number  of  forces  acting 
upon  a  body  in  however  many  lines,  not  directly  opposite 
to  each  other,  will  be  compounded  into  one  force :  for  suppose 
three  forces,  AB,  AC,  and  AF,  fig.  7?  to  operate  in  their 
several  directions  at  the  same  instant,  on  the  body  A,  they 
will  be  compounded  into  the  force  represented  by  A  I ;  for  if 
we  describe  a  parallelogram  as  before  by  the  lines  A  B  and 
A  C,  those  two  forces  will  be  compounded  into  a  force  repre- 
sented by  A  D ;  and  again,  if  we  do  the  same  with  the  two 
forces  A  C  and  A  F,  we  shall  have  the  force  A  H  composed  of 
them.  We  have  therefore  two  forces  A  D  and  A  H  com* 
pounded  of  the  three  original  forces.  If  we  proceed  with 
these  two  in  the  same  manner,  they  will  be  compounded  into 
the  force  represented  by  A 1 ;  D I  and  H  I  completing  the 
paraUelogram  of  which  A I  is  the  diagonal :  so  that  any  num- 
ber of  forces  acting  in  any  number  of  directions,  excepting 
in  opposite  ones,  may  be  compounded  into  one,  which  is 
termed  their  composanty  and  which  is  always  represented  by 
the  diagonal  of  a  parallelogram,  like  that  already  shown. 

The  resolution  of  forces  is  exhibited  by  reversing  this 
problem;  for  as  any  number  of  forces  may  be  combined 
into  one  force^  so  may  one  force  be  resolved  into  any 
number.  If  a  single  force  be  represented  by  a  ball  mov-* 
ing  with  a  certain  velocity  in  the  direction  of  the  line  A  B, 
fig.  8,  when  it  shall  come  in  contact  with  and  act  upon  the  balls 
C  and  D,  these  two  balls  will  each  of  them  move  with  one 
half  of  the  Telocity  with  which  B  was  impelled,  and  in  the 
direction  of  the  lines  C  H  and  DI,  drawn  from  the  centre  of  B 
through  each  of  their  centres  :  so  that  if  the  force  of  B  be 
divided  into  two  equal  portions,  each  of  those  portions 
may,  by  a  similar  process,  be  again  divided,  resolving  the 
original  force  to  infinity. 


6  THB  OPBEATIV£   MECHANIC 

The  next  effect  of  fbrceg  upou  bodies  producing  moiioo, 
is  that  in  which  a  body  receives  motion  from  one  force^ 
whilst  it  is  under  the  continuous  action  of  another  force,  not 
acting  upon  it  in  an  opposite  direction.  Suppose  the  ball  A^ 
fig.  9,  to  be  ejected  from  the  mouth  of  a  cannon,  the  in^ 
stant  it  has  left  it  at  A,  it  will  be  under  the  influence  of  the 
force  of  gravitatiojD,  which,  will  cause  it  to  descend  towards 
the  earth  in  the  manner  already  shown  when  speaking  of 
accelerated  motion,  and  ultimately  will  briog  it  to  a  state  of 
rest  at  the  point  B :  for  supposing  that  the  ball,  by  the 
force  of  the  powder,  leaves  A,  and  travels  in  the  first  second 
of  time  a  given  number  of  feet,  expressed  by  the  line  A  C, 
the  gravitating  force  during  such  action  wQl  cause  it  ta 
descend  sixteen  feet,  expressed  by  the  line  CD;  and  during^ 
the  next  second,  supposing  the  powder  to  have  impelled  it 
the  distance  expressed  by  die  line  D  £,  the  gravitating  force 
will  cause  it  to  fall  forty-eight  feet,  as  is  shown  by  £  F ;  and 
during  the  next  portion  of  its  horizcmtal  motion,  expressed 
by  F  G,  its  descent  by  gravitation  will  amount  to  eighty 
feet,  represented  by  G  B.  The  line,  therefore,  in  which 
the  body  would  move  when  acted  upon  by  these  two  forces 
only,  would  be  that  of  a  parabolic  curve  >  but  as  the  re- 
sistance of  the  air  is  to  be  taken  into  account  in  all  practical 
cases,  the  line  of  motion  changes  very  considerably,  and  assumes 
one  that  involves  a  problem  of  exceeding  complexity ;  which, 
together  with  many  other  results  of  the  effects  of  combined 
forces,  is  of  such  intricacy  as  to  demand  much  more  room  for 
their  solution  than  the  limits  of  this  work  will  permit  us  to  give. 

OF   FRICTKW. 

Thb  surfaces  of  bodies,  however  smooth  they  may  ap- 
pear to  be,  will  be  found,  upon  a  minute  inspection,  to  possess 
certain  irregularities  :  so  diat  if  the  bodv  A  B,  fig.  10,  hove 
to  move  upon  the  surface  of  the  body  C  D,  and  the  lower 
surface  of  A  B  possesses  prominences  which  enter  iota 
cavities  in  C  D,  it  is  manifest  that  A  B  cannot  be  moved 
along  imless  it  either  rises  and  falls  the  height  of  the  several 
prominences,  or  breaks  them  off:  in  the  first,  it  will  have 
to  overcome  the  attraction  of  gravitation ;  in  the  second,  the 
attraction  of  cohesion.  Again,  if  the  body  AB,  fig.  11,  be 
placed  between  C  D  and  £  F,  winch  are  pressed  against  its 
sides  by  any  applied  force,  and  their  surfiices  be  similar  to 
those  in  the  former  instance,  to  effect  the  movement  of  A  B^ 
the  attraction  of  eobesioa  must  be  overcome,  as  before 
shown,  or  the  applied  force  must  be  conquered.    Such  is  the 
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alzQO&t  muversal  nature  of  that  resistance  called  friction;  for 
aLthougfa  the  irregularities  upon  the  surfaces  of  bodies  are  by 
DO  means  so  manifest  as  those  here  represented^  still,  upon 
minute  examination^  we  are  enabled  to  discover  that  the 
smoothest  sm&ces  contain  them  ;  and  as  the  amount  of  resist- 
ance increases  in  direct  proportion  as  the  irregularities  present 
themsdvesy  we  are  warranted  in  concluding  that  all  resistance 
arising  fromMction  awes  its  ori^  solely  to  this  cause. 

OF  THB   MBCHANICAL  POWBR9. 

Ths  mechanical  powers  are  six  in  number,  the  lbvbsl, 
the  wHSEL  and  axlb,  the  fullby,  the  inclxnsd  planb,  the 
w£DGJB,  and  the  screw.  A  perfect  knowledge  and  thorough 
appreciation  of  which  should  be  clearly  understood  by  those 
who  puipose  to  examine  into  the  e£Fects  of  mechanical  com- 
binations ;  the  whole  of  which>  however  intricate,  originate 
from,  and  are  reducible  to,  one  or  more  of  the  laws  which 
govern  these  simple  machines. 

In  demonttratixig  the  mechanical  powers,  that  which  is  not 
strictly  true  must  be  admitted  :  the  force  of  gravitation,  the 
retardation  (tl  friction,  the  resistance  of  the  atmosphere, 
and  the  irr^ulari^  arising  from  the  partial  elasticity  of  the 
substances  of  which  they  are  formed^  must  be  excluded,  and 
supposed  not  to  exist. 

llic  first-mentioned  power  is  the  lever,  which  is  divided 
into  three  classes.  In  fig.  12,  A  B  is  a  lever,  and  C  the 
fulcrum,  or  immovable  point  on  which  it  rests :  now,  if 
a  force  be  applied  at  B,  and  the  resistance,  or  the  force  or 
weight  to  be  overcome,  is  at  A,  then,  with  the  fulcrum  so 
situate  between  the  forces,  it  is  called  a  lever  of  the  first 
class  j  and  the  operation  of  the  force  at  B  to  overcome  the 
resistance  at  A,  will  be  in  proportion  as  the  distance  A  C  is 
to  the  distance  B  C  ;  that  is  to  say,  if  B  C  be  four  times  the 
distance  of  A  C,  the  force  applied  at  B  will  be  exactly  equal 
to  four  times  the  same  amount  of  force  at  A ;  or  one  pound 
weight  at  B  will  counterbalance  four  pounds  weight  at  A  ; 
but  to  whatever  height  (suppose  one  foot)  the  weight  at  A 
be  raised,  B  must  descend  four  times  that  space,  and  con- 
sequently, to  place  B  in  ito  original  position,  the  force  applied 
must  be  equau  to  the  raising  of  four  single  pounds  one  foot 
each,  which  is  the  same  as  the  raising  of  four  pounds  one 
foot,  as  was  effected  at  A. 

An  actual  gain  of  power  does  not  exist,  but  the  gain  in 
coDTenience  is  great  y  for,  by  the  operation  of  one  pound, 
finur  pounds  is  moved,  which,  but  tor  the  invention  of  the 
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lever^  could  not  have  been  effected.  A  man  whose  utmost 
strength  could  lift  no  more  than  one  hundred  and  fifty 
pounds  is  by  this  means  rendered  capable  of  giving  motion 
to  four  times  that  weight,  although  he  is  obliged  to  exert  his 
strength  through  four  times  the  distance.  A  lever  of  the 
second  class  may  be  represented  by  supposing  A  to  be  the 
fulcrum,  B  the  force  applied,  and  C  the  weight,  or  resistance 
to  be  overcome.  The  effect  of  this  lever  must  be  estimated 
by  comparing  the  distances  C  B  to  A  B ;  the  power  will  in- 
crease or  diminish  exactly  in  proportion  as  A  B  ^ceeds  C  B, 
and  the  distance  that  B  moves  through  will  increase  exactly 
in  the  same  proportion. 

Suppose,  in  reference  to  the  same  figure,  C  to  be  the  force 
applied,  A  the  fulcrum,  and  B  the  resistance,  it  will  then 
represent  a  lever  of  the  third  class.  The  effect  of  levers 
of  this  class  is  to  lose  power  for  the  purpose  of  gaining  either 
motion  or  distance.  For  if,  in  the  last  mode,  the  power  ap- 
plied at  B  increased  as  the  length  of  A  B  became  greater 
than  C  B,  it  is  plain  that  in  the  present  case,  the  resistance 
at  B  is  placed  in  a  position  to  gain  by  the  same  law :  there- 
fore, the  nearer  the  force  is  placed  to  B  the  greater  will  be 
the  effect ;  and  when  applied  at  B,  the  greatest ;  but  when 
the  force  is  at  B,  it  is  applied  direct  to  the  resistance,  and 
the  lever  is  abandoned;  consequently  C,  in  every  position 
between  A  and  B,  loses  power  to  a  greater  or  less  extent. 
As  the  movement  of  C,  in  the  last  case,  was  one  half  that 
of  B,  so  in  the  present  case  will  the  movement  of  B  be  twice 
that  of  C, 

In  particular  operations,  levers  of  each  of  these  classes 
have  their  particular  uses.  The  simplest  application  of  the 
first  sort  may  be  seen  in  scissors,  shears,  forceps,  &c.  the 
pin  in  the  joint  is  the  fulcrum,  the  hand  is  the  force  applied, 
and  the  substance  to  be  cut  or  pinched  is  the  resistance  to 
be  overcome ;  the  second  sort  of  lever  is  presented  to  us  in 
the  cutting  knives  used  by  last-makers,  where  the  hand  is 
the  power,  the  ring  into  which  the  other  end  of  the  knife 
is  hooked  is  the  fulcrum,  and  the  object  to  be  cut  is  the 
resistance.  Common  fire-tongs  are  levers  of  the  third  class, 
as  they  possess  a  capabilitv  of  being  extended  at  the  ex- 
tremities :  in  using  them  the  motion  of  the  hand  produces, 
perhaps,  six  times  its  own  motion  in  the  extremities,  and  a 
loss  of  power  exists  in  a  similar  proportion;  but  as  they 
have  to  be  used  only  for  a  short  period,  the  loss  of  power 
is  of  less  importance  than  the  convenience  gained.  This 
Ija^t  class  of  lever  is  frequently  introduced  in  macbineryj^ 
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for  the  purpose  of  obtaining  a  rapid  motion ;  and  as  the  same 
object  has  been  aimed  at  in  the  construction  of  ahnost  all 
animals,  ve  find  that  nature  has  introduced  it  most  fre- 
quently. 

We   have  considered  the  operations  of  the  lever  by  the 
different  dispositions  of  the  acting  and  resisting  forces  and 
the  fulcrum,  under  the  supposition  that  the  lines  of  the 
Erection  of  the  forces  were  at  right  angles  to  the  arms  on 
which  they  operated,  or  formed  tangents  to  the  arcs  which 
the  movements  of  those  arms  described ;  but  if  we  alter  the 
form  of  a  lever  from  that  of  a  right  line,  and  the  two  forces 
still  maintain  their  parallel  direction,  the  action  on  their 
respective  arms  will  be  no  longer  at  right  angles,  and  their 
effects  win  in  consequence  be  varied ;  the  mode  of  estimating 
those  effects  must  be  also  changed.     Fig.  13,  A  B  C  repre* 
sents  a  bent  lever  resting  upon  its  fulcrum  B,  and  having 
appended  to  each  of  its  arms  the  weights  D  and  E,  which 
are  equal  to  each  other  and  in  equilibrium,  notwithstanding 
the  arm  B  A  is  longer  than  tlie  arm  BC.    Draw  the  hori-- 
zontal  line  G  H,  passing  through  the  fulcrum  B,  then  the 
weights  D  and  E  acting   in  perpendicular  lines,  we  may 
imagine  that  D  is  suspended  at  the  point  I,  and  £  at  the  point 
K,  at  which  points  they  will  operate  similarly.    Suppose  K  I 
to  be  the  lever,  the  arms  I  B  and  B  K  will  then  be  equal, 
and  if  their  distances  are  multiplied  into  £  and  D,  which 
are  equal  forces,  their  effects  will  be  equal.    The  action  of 
parallel  forces  upon  levers,  that  do  not  receive  the  action  at 
right  angles  to  their  respective  arms,  shoidd  be  estimated 
by  the  force  multiplied  into  a  Una  drawn  from  the  fulcrum, 
perpendicular  to  the  line  of  direction  of  each  respective  force ; 
ana  whatever  may  be  the  form  of  the  lever,  it  is  apparent, 
that,  if  the  lines  of  direction  vary  from  being  tangents  to 
the  arcs  described  by  its  arms,  their  effects  must  be  esti- 
mated by  the  length  of  pei'pendiculars  let  fall  upon  the  lines 
of  direction  in  a  similar  manner.     Recurring  to  fig.  13,  it 
will  be  seen,  that  if  the  arm  B  A  rise  to  the  position  B  L,  the 
perpendicular   B  I,  if  aUowed  to  fall  upon  the  line  of  direc- 
tion, will  be  increased  from  B 1  to  B  M,  and  that  the  effect 
of  the  force  £>  over  £  will  be  augmented.    This  peculiarity 
is  brought  into  operation  in  a  balance  tliat  has  a  graduated 
scale  on  an  arc,  as  A  G,  the  divisions  of  which  arc  decreases 
as  it  rises  in  such  a  manner  as  to  exhibit,  by  the  movement 
of  A,  equal  portions  of  force  acting  upon  E.    There  is  how- 
ever a  case  of  common  occurrence,  namely,  that  of  drawing  a 
liail  with  the  fang  of  a  hammer,  wherein  the  effects  of  the 
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am>lied  and  resisting  forces,  being  the  hand  and  the  nail, 
altiiough  acting  with  a  lever  bent  at  right  angles,  still  ope- 
rate as  though  the  lever  were  straight ;  for  the  direction  of 
the  forces  being  changed  to  the  exact  amount  of  the  same 
angle  as  that  to  which  the  lever  is  bent,  they  continue  to  act 
at  right  angles  to  their  respective  arms^  which  arms  will  con- 
sequently represent  perpendiculars  let  fall  from  the  fulcrum 
on  their  respective  lines  of  direction. 

The  principle  of  the  bent  lever  is  not  unfrequently  intro- 
duced into  machinery  in  order  to  gain  a  greater  degree  of 
power.  Suppose  ABC,  fig.  14,  to  represent  a  bent  lever 
moving  on  its  fulcrum  B,  the  operating  force  at  A  acting  in 
the  direction  of  A  D,  and  the  resistance  at  C  in  the  direc- 
tion C  E  :  now,  as  the  line  of  direction  of  the  force  C  falls 
upon  the  fulcrum,  it  is  evident,  that  no  perpendicular  can  be 
let  fall  from  the  fulcrum  upon  it,  and  consequently,  the  power 
of  C  can  be  nothing  in  ccMnparision  to  that  of  A,  whose 
perpendicular  upon  its  line  oi  direction  is  B  A^  for  the  in- 
stant the  lever  begins  to  move,  suppose  to  A 1,  C  1,  then  the 
perpendicular  on  the  line  of  direction  of  the  force  C,  as- 
sumes a  mensurable  form,  as  B,  B  1,  whilst  the  power  of  A 
has  only  decreased  from  B  A  to  B  F.  From  this  it  will  be 
seen  that  at  the  commencement  of  the  action  of  A,  its 
power  over  C  was  indefinite,  but  instantly  after  the  com- 
•  mencenient  of  that  action  by  the  movement  of  C  out  of  the 
perpendicular  £B,  resistance  likewise  commenced,  as  the 
perpendicular  from  the  fulcrum  then  assumed  a  mensurable 
amount. 

THB  WHBEL  AND  AXLE. 

TiLB  next  simple  machine  classed  as  a  mechanical  power, 
is  termed  the  wheel  and  asle^  and  is  represented  at  fig.  15. 
A  the  wheel,  B  a  circular  bar  called  the  axle,  both  turning 
upon  one  centre,  at  C.  In  general,  the  force  is  applied  by 
fixing  a  rope  to  the  outer  rim  of  the  wheel,  as  represented 
by  D,  whilst  the  resistance,  or  the  weight,  or  force  to  be 
overcome,  is  represented  by  £,  attached  by  a  rope  to  the 
axle.  By  a  simple  analysis,  this  machine  will  be  found  to 
be  merely  a  method  of  obtaining  a  continual  action  of 
levers  of  the  first  class ;  for  if  we  suppose  the  radius  of  the 
wheel  to  be  the  longer  arm  of  the  lever,  the  radius  of  the 
axle  the  shorter  arm,  and  the  centre  on  which  they  turn  the 
fulcrum,  we  have  a  lever  of  the  fiirst  class ;  but  from  these 
two  members  being  circular,  their  radii  are  an  indefinite 
number  of  levers,  and,  by  the  revolving  of  the  wheel,  a 
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number  of  lerers  of  this  dass  are  continaally  brought  into 
operation.  The  effective  power  of  the  wheel  and  axle  must 
therefave  be  calculated  by  the  same  mode  as  a  lever  of  the 
first  class ;  for  as  the  radius  of  the  wheel  exceeds  that  of 
the  axle,  so  increases  the  power^  and  so  increases  the  distance 
that  the  operative  force  has  to  pass  through. 

The  wheel  and  axle  is  applied  in  the  apparatus  for  raising 
water  firom  wells^  and  is  introduced  in  many  machines,  which 
ahall  be  shown  as  we  proceed* 

THB  PUULBT. 

TBEpuUey,  represented  at  fig.  16,  is  the  third  mechanic 
power.  It  is  of  a  circular  form,  fixed  upon  a  pin  that  runs 
throu|^  its  centre  at  C,  and  round  which  it  revolves.  The 
mode  of  applying  the  pulley  is  by  placing  a  rope  over  its 
outer  lioa,  to  the  extremities  of  which,  at  A  and  B,  the  force 
to  be  applied,  and  tiie  weight  or  resistance  to  be  overcome, 
are  indiscriminatdy  attached,  the  centre  C  being  supported 
hj  the  strap  D.  Ine  operations  of  this  instrument  are  re- 
ferable also  to  the  action  of  a  lever  of  the  first  dass ;  the 
pin  on  which  it  revolves  is  the  fulcrum,  and  the  radii  of  the 
circle  £  F  the  two  arms,  which,  bdng  equal,  no  augmenta- 
tion or  diminution  of  power  can  arise. 

When  used  in  this  maimer,  the  pulley  is  but  a  method 
.of  altering  the  direction  of  the  applied  force.  But  if  in- 
verted, as  shown  in  fig.  17,  where  the  end  of  the  line  A  is 
attached  to  a  fixed  point,  the  weight  or  resistance  being 
at  C,  and  the  applied  force  acting  upwards,  the  line  from 
A  being  permanentiy  fixed,  it  wiU  become  a  fulcrum ;  and 
the  horizontal  radii  of  the  circle  assume  the  position  of 
that  of  a  lever  of  the  second  class ;  which  gains  in  power  as 
the  respective  forces  of  application  and  resistance  are  distant 
from  the  fulcrum ;  as  B,  for  instance,  is  twice  as  far  from 
A  as  C,  the  weight  or  foree  applied  at  B  will  raise  twice  its 
weight  at  C. 

'Hie  combined  action  of  several  pullies  is  called  a  tackle^ 

see  fig.  18,  wh^e  A  and  B  are  two  pullies  fixed  in  the  position 

represented,  and  C  D  two  others,  capable  of  being  either 

raised  or  lowered ;  the  rope  E  passes  over  A,  under  I),  over 

B,  aod  under  C^  and  is  permanentiy  fixed  at  F.    It  is  there* 

fore  ^parent  that  if  the  weight  G  be  suspended  from  the 

centres  of  C  and  D,  (both  of  which  are  in  the  position  dc- 

scribed  at  fig.  17 >)  ^^t  each  of  them  will  divide  its  force  b^ 

twoj  and  that  one  quarter  of  the  weight  G,  placed  at  L, 
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will  counterbalance  G.  The  pullies  A  and  B  being  used  only 
to  change  the  direction  of  the  action. 

IThe  construction  of  tackles,  consisting  of  four  puUtes,  or, 
as  they  are  sometimes  called,  sheeves,  is  very  similar  to  that 
represented  by  fig.  19. 

For  a  rule  to  estimate  the  force  which  is  necessary  to 
overcome  any  force  acting  at  G,  take  half  the  force  at  G 
and  divide  it  by  the  number  of  lower  pullies  in  the  tackle, 
and  it  will  give  the  amount  necessary  to  counterbalance  it 
at  £. 

THE  INCLINED    PLANE. 

The  inclined  plane  is  the  fourth  mechanical  power.  It  is 
represented  at  fig.  20,  where  A  B  is  supposed  to  be  a  plain 
surface,  supported  at  one  end,  so  that  it  may  lay  obliquely 
to  the  horizon.  By  this  power  a  heavy  weight  can  be  raised 
with  much  less  force  than  would  be  required  to  elevate  it 
perpendicularly.  The  manner  of  using  it  for  the  raising  of 
weights,  is,  to  cause  the  applied  force  to  act  in  a  direction 
parallel  to  the  plane  AB,  and  in  the  direction  from  A  to 
B,  as  represented  by  the  line  A  £  acting  on  the  body  £ ; 
the  power  gained  is  in  proportion  to  the  length  of  tlie  line 
A  C,  which  is  the  base,  compared  to  the  perpendicular  C  B  : 
now  if  A  C  be  twenty  feet,  and  C  B  five,  then  A  C  being 
four  times  CB,  the  po>ver  gained  will  be  as  four  to  one, 
that  is,  the  force  equal  to  the  raising  of  one  pound  perpen- 
dicularly, will  raise  four  pounds  along  the  inclined  plane  A  B, 
which  being  four  times  the  length  of  C  B,  the  force  will  have 
to  move  through  four  times  t£e  distance,  as  was  shown  to 
be  the  case  in  the  use  of  the  lever.  This  mechanical  con^- 
struction,  then,  offers  but  another  mode  of  effecting,  by  the 
application  of  a  small  force  for  a  longer  period  of  time,  that 
which  would  otherwise  require  a  much  more  considerable 
force  to  accomplish  it.  llie  power  gained  in  an  inclined 
plane  may  be  always  estimated  by  dividing  the  length  of 
the  base  of  the  plane  by  the  perpendicular  height  of  its  most 
elevated  end.  The  application  of  the  simple  inclined  plane, 
i^i  mechanical  combinations,  is  not  very  frequent  in  respect 
to  its  power ;  but  its  introduction  is  by  no  means  uncom- 
mon for  the  purpose  of  obtaining  a  regularly  ascending  motion. 
The  gradual  ascent  of  roads  and  railways  to  gain  the  summits 
of  hSls,  and  the  slide-ladder  used  by  brewers  in  loading  and 
unloading  their  carts,  are  well  kiu>wn  applications  of  it)| 
principle. 
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THK  W£DG£. 


The  fifth  mechanical  power  is  the  wedge;  one  form  of 
tihich  is  shown  at  fig.  21.  It  operates  in  a  similar  manner 
to  the  ioclined  plane  ;  but  inst^  of  the  resistance  or  force 
to  be  overcome  being  moved  along  its  surface^  the  plane 
itself,  which  is  now  c^ed  the  wedge,  is  forced  beneath  the 
object  to  be  raised.  Thus,  if  the  wedge  A  B  move  upon  a 
level  plane  to  the  position  A  1,  the  weight  D  will  be  raised 
from  its  position  to  the  height  D  1 ;  and,  consequently, 
will  pass  over  the  whole  upper  plane  of  tlie  wedge  A  B,  and 
ultimately  attain  the  perpendicular  height  BC.  If  A  B  be 
divided  by  BC,  the  quotient,  as  in  the  inclined  plane,  will 
represent  the  power  which  the  wedge  is  capable  of  exerting ; 
or  if  A  B  is  four  times  B  C,  the  power  forcing  forward  the 
wedge  to  A 1  is  capable  of  raising  the  body  D  four  times 
its  own  amount  to  the  position  D  1.  The  wedge  represented 
in  fig.  22y  is  most  generally  applied  to  the  purpose  of  di- 
viding wood,  where  the  resisting  force  to  be  overcome  acts 
on  both  sides  of  it.  To  estimate  the  amount  of  power  gained 
by  this  form  of  the  instrument,  we  must  consider  it  as  two 
inclined  planes,  ABC  and  CBD  conjoined;  and  as  the 
forces  operating  at  £  and  F  are  equal,  we  shall  have,  as  A  C 
is  to  C  B,  so  is  the  resistance  F  to  the  force  necessary  to 
overcome  it ;  and  as  the  force  E  and  the  other  portion  of  the 
wedge  are  similarly  opposed,  the  total  AD  is  to  C B,  as 
the  total  resistance  F  and  E  is  to  the  power  necessary  to  be 
exerted  to  counterbalance  that  resistance ;  or,  as  many  times 
as  A  D  will  go  into  C  B,  so  many  times  may  the  resistance 
contain  the  amount  of  the  applied  force. 

THE   SCREW. 

Ths  screw  is  the  sixth  and  last  of  the  mechanical 
powers.  In  the  manner  of  its  construction  it  is  in  general 
said  to  bear  reference  to  an  inclined  plane  wound  about  a 
cylinder;  but  as  the  power  of  the  inclined  plane  corres- 
ponds with  that  of  the  wedge,  and  the  mode  of  applying 
the  facilities  they  possess,  alone  forms  their  difference,  and 
as  the  screw  is  almost  universally  .moved  to  effect  the  same 
purposes  as  the  wedge,  it  would,  with  greater  propriety, 
as  regards  its  action,  bear  reference  to  that  instrument. 

Fig.  23  represents  a  cylinder  E  E,  upon  which  we  will 
suppose  the  wedge-shaped  piece,  A  B  C,  is  capable  of  being 
wound;  when  wrapped  round  such  cylinder,  it  wUl,  by  its 
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upper  edge  BC^  represent  spiral  lines^  simitar  to  BD 
and  FG4  Now^  as  the  piece  ABC  is  in  tho  shape  of  a 
wedge  or  inclined  plane^  it  should  have  its  power  esti- 
mated by  the  line  A  C  compared  to  the  height  AB; 
and  if  the  line  B  C^  wound  in  its  spiral  dtrection,  shall 
just  circumscribe  the  cylinder,  the  point  C  will  be  found 
directly  beneath  B^  and  the  distance  between  C  and  B^when 
thus  lapped  on  the  cylinder,  will  represent  the  line  AB,  on 
the  perpendicular  of  the  inclLaed  plane  or  wedge ;  which,  when 
compared  with  A  C,  now  represented  by  the  circumference 
of  the  cylinder,  will  give  the  same  data  from  which  the 
power  of  the  screw,  so  formed,  should  be  calculated.  Con- 
sequently the  comparison  of  the  circumference  of  the  screw^ 
and  the  distance  between  one  thread  and  anotlier,  measured 
on  a  line  parallel  to  the  axis  of  the  screw,  is  that  from  which 
its  power  should  be  calculated,  or  as  the  distance  between 
the  two  threads  is  to  the  circumference,  so  the  power  to  be 
applied  is  to  the  resistance  to  be  overcome ;  or  if  the 
circumference  be  three,  and  the  power  one,  the  force  equal 
to  one  shall  overcome  a  force  equal  to  three. 

Fig.  24  represents  a  screw  of  more  perfect  formation  ; 
but  the  general  construction  of  the  screw  is  so  femiliar  to 
every  one,  that  we  conceive  it  to  be  almost  needless  to 
enter  upon  a  more  minute  description.  A  B  represents  the 
acclivity  of  the  plane  from  which  such  screw  is  formed,  and 
the  distance  betwe^i  B  and  C  represents  ^at  should  be 
compared  to  the  circumference  in  order  to  discover  die 
power  it  possesses. 

The  screw  is  applied  to  mechanical  purposes  chiefly  to 
obtain  great  pressures  in  small  distances;  and  upon  exa- 
mination it  will  be  seen,  tliat  they  afford  a  method  of  using 
a  wedge  of  an  extremely  small  inclination,  and  by  con- 
sequence of  great  power.  The  screw  is  sometimes  used 
for  raising  exceedingly  heavy  weights.  The  hollow  acrew,, 
or  the  counterpart  in  which  a  screw  operates,  when  in  the 
form  of  a  small  movable  piece,  is  called  a  nut,  and  the  cavity 
is  termed  a  female  screw,  the  properties  of  which  are,  as 
respects  power,  exactly  similar  to  the  screw. 

We  have  now  duly  considered  the  nature  and  properties 
of  the  mechanical  powers  whm  in  a  state  of  uncombined 
action ;  and  shall,  in  the  next  [daee,  previously  to  repre- 
senting them  in  some  of  the  simpleat  torms  in  which  ^ey 
are  combined,  examine  into  one  more  attribute  of  matter^ 
resulting  from  gravity. 
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THX   CSNTRK  OF  GRAVITY. 


The  force  of  gravitation^  as  we  have  already  shown,  acts 
upon  matter  in  proportion  to  its  quantity :  thns^  if  a  line  be 
drawn  through  any  body  in  such  manner,  that  the  quantity 
of  matter  multiplied  into  its  distance  from  the  line  on  one 
side  shall  equal  the  quantity  of  matter  midtinlied  into  its 
distance  on  the  opposite  ride,  and  if  another  line  be  drawn 
passing  thitragh  the  body  in  another  direction,  dividing  it 
in  a  similar  manner,  the  point  where  those  two  lines  meet, 
whether  it  be  situated  within  or  about  the  body,  is  the 
centre  of  gravity  ;  and  if  that  point  or  centre,  supposing  it 
within  the  body,  be  supported,  the  body  will  remain  in  a 
state  of  equiHbrium.  Suppose  the  body  D,  fig.  25,  to  be 
suspended  by  a  line  from  C,  then  the  point  H,  which  is 
called  the  point  of  suspension,  and  at  which  the  body  is 
suspended  in  a  state  of  rest,  will  be  directly  above  the 
centre  of  grayity.  For  if  the  perpendicular  line  H I  be  drawn, 
and  the  quantity  of  matter  multiplied  into  the  distance  on 
one  side  of  tiie  fine  be  not  equal  to  the  quantity  of  matter 
multiplied  into  the  ifistance  on  the  other  side,  the  body  will 
not  be  at  rest ;  but  as  tiie  body  is  at  rest,  the  quantity  of 
matter  mnltipHed  into  its  distance  on  the  one  side,  is  exactly 
equal  to  the  quantity  of  matter  multiplied  into  its  distance 
on  the  other.  Again,  suspend  the  body  as  at  fig.  26,  and  let 
a  perpendicular  fall  simflany  from  K,  the  point  of  suspension^ 
to  L,  the  body  will  foe  again  divided  in  like  manner,  and 
the  point  E,  where  the  perpendicular  K  L  intercepts  the  line 
H  I,  will  be  the  centre  of  gravity. 

If  any  force  acting  in  a  direct  line  pass  through  the 
centre  of  gravity  of  a  body,  it  will  produce  uniform  motion  in 
that  body ;  but  if  the  force  so  impressed  do  not  pass  through 
the  centre  of  gravity,  that  motion  will  be  unequally  com- 
municated. Thus,  if  at  fig.  26,  M  I  represent  a  force 
striking  the  irregularly  shaped  body  D,  in  a  line  of  direction 
passing  through  its  centre  of  gravity  E,  the  force  so  impressed 
on  that  body  will  cause  it  to  proceed  with  a  miiform  velocity, 
as  r^ards  aih  its  parts ;  but  should  the  force  M I  be  impressed 
at  the  point  F,  as  M  1,  die  line  of  direction  not  being  through 
the  centre  of  gravity,  an  irregular  motion  will  be  communi- 
cated, and  the  body  wQl  acquire  a  revolving  motion  round  its 
centre  of  gravity. 

As  the  centre  of  gravity  is  the  most  advantageous  point  for 
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%  giving  to  a  body  uniform  motion,  so  also  it  is  the  best  to 
apply  resistance  to  arrest  the  progress  of  that  motion. 

Most  writers  on  Mechanics  speak  of  the  common  centre  of 
gravity  as  of  more  than  one  bodv,  or  as  a  system  of  bodies ; 
but  as  they  mean  that  those  homes  should  be  conjoined^  or 
their  relative  position  maintained  by  some  force,  they  may 
properly  be  considered  as  but  one  body,  and  the  centre  of 
gravity  of  the  whole  assemblage  may  be  estimated  in  a 
similar  manner  to  that  of  one.  Thus,  if  the  bodies  A  and  B, 
fig.  27»  be  conjoined  by  a  line,  their  conunon  centre  of 
gravity  will  be  the  point  £ ;  for  if  a  line  be  drawn  through 
that  point  in  any  direction,  the  masses  of  matter,  multiplied 
into  their  respective  distances  on  each  side,  will  equal  each 
other. 

What  has  been  said  concemmg  the  centre  of  gravity,  ia 
also  applicable  to  practical  points  ;  as  no  body  can  be  sup- 

Eorted  in  a  state  of  equilibrium^  if  the  point  of  suspension 
e  not  exactly  above  or  beneath  its  centre  of  gravity 

SIMPLE   COMBINATIONS  OF  THE  MECHANICAL  POWERS. 

Having  considered  the  capacities  of  the  mechanfcal  powers, 
and  the  modes  used  for  calculating  their  effects,  we  will 
now  turn  our  attention  to  them  in  a  state  of  combination ; 
and  as  all  of  these  instruments  are  in  themselves  gainers  of 
power,  power  must  be  considerably  increased  when  they 
become  adjuncts  to  each  other.  Thus,  in  fig*  28,  we  have 
a  combination  of  three  levers,  each  of  them,  by  the  dis- 
proportion of  their  arms,  gainers  of  power  as  three  to  one; 
GGG  being  their  several  fiilcrums,  the  weight  H  will 
operate  with  thrice  its  power  at  B>  by  means  of  the  lever 
AB;  the  effect  will  be  again  trebled  by  CD;  and  that 
amount  again  trebled  by  the  action  of  the  lever  £  F.  Con- 
sequently, if  we  call  H  one^  by  AB  it  wiU  be  raised  to  three, 
by  C  D  to  nine,  and  by  £  F  to  twenty-seven  ;  so  that  a 
weight  of  one  pound  at  A  will  support  twenty-seven  pounda 
atF. 

The  combination  of  the  action  of  levers  may  thus  be  ex- 
tended to  the  gain  of  almost  any  amount  of  power ;  and 
when  bent  levers  are  introduced,   their  powers,  which  in 

Sculiar  situations  have  been  shown  to  be  very  great,  may  in 
e  manner  be  multiplied. 

The  wheel  and  axle  is  an  implement  not  frequently  used  in 
its  simple  state.  In  machinery,  wheels  are  mostly  turned 
by   means  of  prominences   upon   their  peripheres^  callcxl 
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eogS)  OT  teeth,  which  being  acted  upon  by  any  applied  force, 
caase  the  wheel  to  revolve ;  and  the  axle  being  simOarly  fiir- 
nifihed  with  teeth,  or  cogs,  is  termed  a  piiiion.  *  The  wheel 
and  pinion,  therefore,  bear  a  similar  relationship  to  each  other 
as  the  wheel  and  axle,  and  their  power  must  be  calculated  in 
tiie  same  manner.  Suppose  AB,  fig.  29,  to  be  a  shaft  on 
which  the  handle  A  C,  of  twelve  inches  radius,  and  the  pinion 
D,  of  one  inch  radius,  are  fixed ;  and  the  teeth  of  the  wheel 
£,  of  twelve  inches  rs^ius,  acting  in  those  of  the  pinion  D, 
and  upon  the  shaft  of  £  is  fixed  the  pinion  F,  of  one  inch 
radius,  communicating  with  the  wheel  G,  of  twelve  niches 
radius,  upon  the  shaft  of  which  the  pulley  H,  of  one  inch 
radius,  is  fastened ;  we  shall  then  have  the  handle  A  C  repre- 
senting the  radius  of  a  wheel,  and  the  piuion  D  in  the  situa- 
tion of  the  axle ;  so  that  there  will  be  a  gain  of  twelve  to  one : 
and  the  wheel  £,  bearing  the  same  proportion  to  the  pinion  F, 
wiU  also  gain  in  a  similar  ratio,  and  G  being  to  H,  as  £  to  F, 
the  gain  will  agsdn  be  augmented  to  the  same  extent ;  so  a  force 
equal  to  one  at  C  will  operate  as  twelve  at  D ;  and  twelve  at 
D  will  operate  as  a  hundued  and  forty-four  at  F ;  and  at  H  as 
seventeen 'hundred  and  twenty-eight.  Thus  one  pound  at 
C  will  raise  seventeen  hundred  and  twenty-eight  pounds  at 
H,  and  the  handle  C  will  have  to  pass  through  seventeen 
hundred  and  twenty-eight  times  the  distance  through  which 
the  weight  I  will  move.  By  this  form  and  disposition  of 
wheels  and  pinions,  an  accession  of  power  is  obtained  ;  but  if 
velocity  be  required  at  the  expense  of  power,  this  train 
should  be  inverted.  For,  if  we  suppose  the  pulley  H  to  be 
turned  by  a  force  so  as  to  cause  the  weight  1  to  pass  through 
one  foot,  the  periphery  of  the  wheel  G  will  have  passed 
through  twelve  feet,  and  the  periphery  of  the  pinion  wiU.  have 
gone  through  the  same  distance;  but  the  wheel  £  being 
twelve  times  the  diameter  of  F,  it  will  have  passed  through 
twelve  times  that  distance,  or  a  hundred  and  forty-four  feet; 
and  the  pinion  D,  in  like  manner,  will  cause  C  to  pass  through 
twelve  times  that  amount  of  space,  or  seventeen  hundred 
and  twenty-eight  feet ;  whilst  the  force  required  at  H  to 
caose  this  motion,  must  be  seventeen  hundred  and  twenty- 
eight  times  the  resistance  at  C. 

As  the  circumferences  of  wheels  are  proportionate  to  the 
circumferences  of  the  pinions  they  have  to  act  upon,  or  be 
acted  upon  by,  so  must  the  number  of  teeth  in  the  one  be 
to  those  in  the  other,  otherwise  the  size  of  the  teeth  would 
not  be  flomilar;  tiius,  a  wheel  that  is  twelve  inches  diameter, 
and  a  pinion  one  inch,  the  circumferences  of  circles  being 
in  proportion  to    tiieir  diameters,  tlie  wheel   should   have 
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twelve  times  as  many  teeth  as  the  pimoti,  therefore^  in  pau> 
tice^  the  number  of  teeth  may  be  taken  as  data  to  <6stii»wte 
the  power  or  velocity.  Suppose  a  pinion  has  4iVe  teeth,  and 
a  wheel  sixty^  their  power  wiU  be  as  twelve  to  one,  as  five 
will  go  twelve  times  in  sixty;  that  is,  the  ipinion  will 
have  to  turn  twelve  times  to  move  the  wheel  OQce^  and  if 
turned  by  a  handle  A  C,  whose  radius  is  equal  to  the  wheel, 
the  power  gained  will  be  in  the  same  ratio ;  and  if  the 
pinion  is  driven  by  the  wheel,  the  vdocity  obtamed  will,  m 
like  manner,  increase  ;  consequently  the  velocities,  or  powers 
of  any  combination  of  wheels,  may  be  estimated  by  their  dia- 
meters, circumferences,  or  number  of  teeUi. 

Although  tills  mode  of  communieatiiig^  motion  is  used  to 
a  very  great  extent  in  applying  wheel-work  to  machinery, 
yet,  in  peculiar  cases,  straps,  chaina,  and  cordage,  of  vari* 
ous  descriptions,  are  beneficiaUy  intpodneed  to  transfer  the 
action  of  wheels. 

Combinatiotis  of  the  wedge  are  not  very  common :  but 
its  properties  are  inttoduced  umler  several  modifications, 
and  afford  methods  of  obtainaDg  power  of  considerable  pres- 
sure Id  short  distances.  For  instance,  that  common  and 
well-known  part  of  mechanical  construction,  called  the 
camb,  or  eccentric,  is  a  wedge  applied  by  one  of  its  fiioes  to 
'a  cylinder,  which,  by  being  turned  by  means  of  a  lever,  as 
capable  of  producing  a  powerful  action.  Fig.  SO  represents 
a  cylinder  A,  with  a  wedge  B  wound  round  it,  but  which,  in 
this  position,  is  denominated  a  camb,  or  eccentric  piece ;  by 
th^  motion  of  the  lever  C  to  the. situation  C  1,  the  cylinder 
A,  with  the  camb  B,  is  brought  ii^  the  position  B 1 ;  theniby 
raising  the  obstacle  D  to  Dl.  The  power  gamed  in Ihas 
operation  may  be  ascertained  thus:  as  the  len^i^  of  the  l0vi0r 
C  from' the  center  of  A  exceeds  the  raifius  of  A,  so  wiftl'tbe 
fcMTce  supplied  at  C  be  increased,.at -the  point  £,  wbcoeit  nay 
be  supposed  to  act,  against  the  wedge  or  camb  fi ;  and  the 
effort  to  raise  D  may  be  known  by  considcringthe  propoiftion 
of  £  F  to  E  H,  which  is  the  portion  of  the  circmnfeFenee  tfaelt 
must  be  considered  as  its  base.  Thus,  if  we  «aUthe  hmglAi 
of  the  lever  C  three,  and  the  radius  of  A  one,  if  the  iinroe 
acting  at  C  be  one,  its  power  at  £  will  be  three ;  and  'should 
the  height  £F  be  one  third  of  the  base  of  the  xOaab  B, 
this  power  will  be  ^ain  raised  by  three ;  thus,  1  ist  ~€  jvdi 
counterbalance  9  at  D.  This  movement  is  extremely  comr 
mon  in  order  to  obtain  power,  or  a  regular  direct  nadtiau. 
It  is  quicker  than  a  screw,  and  capable  of  considcxrabb 
accuracy. 

Fig.  31  is  another  modification  of  the  wedfge,  placed  on 
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thti  Intaitiii  ftice  of' the  circle  fi,  acting  with  ib  ftice  P, 
and  causing  by  its  movement  the  obetade  I  to  approach 
nearer  to  the  centre  G;  this  is  called  the  snail  movement^ 
and  misht  with  propriety  be  termed  a  concentric. 

Anomer  method  of  placing  a  wedge,  so  as  to  apply  its 
effects  to  a  revolying  motion,  is  represented  in  a  side  and 
top  view  at  fig.  32,  where  the  wedge  A^B  is  plaoed  npoti  a 
circnto  plate  C  D,  turning  upon  tlie  aitis  %  and  conse- 
quentJy  creating  motion  in  tiie  obstacle  upon  \i1iich  it  acts 
to  the  amount  of  the  line  Q  A. 

Another  moYement  of  considerable  accuracy  is  obtained 
by  the  turning  of  a  cone,  the  principle  of  whose  action  is 
referable  to  the  wedge.  Fig.  'S3  represents  a  cone  fixed 
upon  its  axis  t^  If  an  obstacle  be  presented  at  a,  and  the 
cone  be  caused  to  pass  forward  in  the  direction  Art,  the 
sur&Lce  ae  vrSl  operate  aa  a  wedge  at  a  be,  raising  the 
obstacle  to  c ;  but  if  during  that  direct  motion  the  cone  is 
likewise  canaed  to  revoWe  on  its  asds,  the  obstacle,  instead  of 
passing  over  ar,  will  pass  over  the  spiral  line  aegd,  to  the 
point  S;  by  this  means  the  operation  of  a  wedge,  whose  line 
of  indination  is  equal  to  the  spiral  line  aegdy  and  whose- 
height  is  equal  to  j&c,  is  brought  into  action ;  and  if  the 
number  of  revolutious  of  the  cone  be  increased  during  its 
direct  motion,  it  is  plain  that  the  effect  of  a  wedge  of 
infinite  elongation  may  be  produced. 

The  screw  is  introduced  both  sindy  and  in  a  state  of  combi- 
nation in  many  parts  of  machinery.  Tne  combined  action  of  two 
screws,  whi(ji  avoid  the  necessity  of  using  a  screw  of  greater 
fineness,  in  which  the  threads  would  be  weakened,  is  repre- 
sented at  fig.  34,  where  they  are  applied  to  a  press.  Suppose 
A  A  to  be  a  screw  fitted  in  a  female  screw  in  the  rail  d  C; 
and  D,  a  screw  that  works  in  the  inside  of  A,  having  its 
knver  end  joined  to  the  upper  board  of  the  press  H,  so  that 
it  Hhall  not  turn  round :  now  if  the  screw  A  A,  and  the  screw. 
D,  centain  exactly  tlie  same  number  of  tliraads  in  the  inch, 
by  tnming  A  A  one  revolution,  it  will  prooeed  downwards 
exactly  the  same  amomift  that  the  sooew  D  will,  by  the  same 
action,  proceed  upwards,  asid  the  board  H  wilLnot  bC' moved. 
But  we  will  suppose  that  the  screw  A  A  contains  four  threads 
in  the  inch,  and  the  screw  D  six,  then,  by  one  revolutioD, 
A  A  will  laore  downwards  one  quarter  of  an  inoh,  and  D  will 
at  file  tame  time^  and  by  the  same  action,  be  raised*  one- 
sixth  of  an  inch,  therefore  the  board  H  will  move  downwards 
the  diAereBee  between  one  quarter  and  one*-riKth,  or  one- 
tweJfth  part  of  an  inch,  by  every  single  revolution :  which 
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efiPect  is  similar  to  that  which  would  be  produced  by  using 
a  screw  of  twelve  threads  to  the  inch. 

For  further  elucidation  we  shall  refer  the  action  of  each 
screw  to  that  of  a  wedge  from  which  the  screw  has  been 
shown  to  be  derived  Fig.  35  represents  two  wedges,  abh 
and  ecd,  each  of  which  may  be  supposed  to  represent  one 
lap  of  a  screw  of  the  respective  fineness  which  their  heights 
hk  and  ec  denote.  If  the  wedge  aA  A  be  caused  to  pass 
to  the  situation  a^  a  A*,  and  is  supposed  to  operate  upon  the 
level  surface  efy  the  line  a  e  will  be  compressed  to  the  line  A*  Cy 
by  that  movement;  but  if,  whilst  this  action  takes  place,  the 
wedge  e cd  he  moved  to  the  position  e*  c*  c,  and  the  effect 
takes  place  upon  its  upper  surface  e  rf,  the  line  a  e  will  only 
be  reduced  to  the  line  g^  e,  equal  to  A «/,  and  will  conse- 
quently only  be  compressed  to  the  amount  g^  o,  which  is  in 
effect  equal  to  what  a  wedge  of  the  fineness  of  abg  would 
have  produced,  whose  height  or  line  ^  ^6  is  just  equal  to  the 
difference  between  e  c  and  A  b,  as  was  the  case  with  the  screws. 

As  a  gain  of  power  is  attainable  by  two  screws  or 
wedges  of  unequal  fineness,  performing  equal  numbers  of 
revolutions,  so  is  the  same  effect  attainable  by  th^  unequal 
revolutions  of  two  screws  or  wedges  of  equal  fineness. 


MILL  GEERING. 

Under  this  head  we  purpose  to  treat  of  the  best  fonxi' 
ation  of  the  teeth  of  wheels,  of  the  connection  of  shafts, 
termed  couplings,  of  the  disengaging  and  reengaging  of 
the  moving  parts,  and  of  the  equdization  of  motion ;  and  to 
them  we  shall  annex  some  further  observations  upon  the 
general  construction  of  Machinery.  To  avoid  unnecessary 
repetition,  we  shaU,  previously  to  entering  upon  the  form- 
ation of  the  teeth  of  wheels,  give  a  general  definition  of  the 
terms  most  conmionly  in  use. 

Cog-wheel  is  the  general  name  of  any  wheel  which  has  a 
number  of  teeth  or  cogs  placed  round  its  circumference. 

Pinion  is  a  small  cog-wheel  that  has  not  in  general  more 
than  twelve  teeth;  though,  when  two-toothed  wheels  act  upon 
one  another,  the  smallest  is  not  unfrequently  distinguished  by 
this  term  ;  as  is  also  the  tnmdle,  lantern,  or  wallower,  when 
talking  of  the  action  of  two  wheels. 

Trundle^  kmtemy  or  wallower^  is  sometimes  used  in 
lieu  of  a  pinion.    It  is  represented  at  fig.  36, 
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When  the  teeth  of  a  wheel  are  made  of  the  same  material, 
and  formed  of  one  piece  with  the  body  of  the  wheel,  they 
are  called  teeth  ;  when  of  wood,  or  some  other  material,  and 
affixed  to  the  outer  rim  of  tlie  wheel,  cogs ;  in  a  pinion 
thev  are  called  leaves  ;  in  a  trundle  staves. 

When  speaking  of  the  action  of  wheel-work  in  general, 
the  wheel  which  acts  as  a  mover  is  called  the  leadeVy  and 
the  one  upon  which  it  acts  the  follower. 

If  a  wheel  and  pinion  are  to  be  so  constructed  that  the 
one  shall  give,  and  the  other  receive,  impulse,  so  that  the 
pinion  hhaU  perform  four  revolutions  in  the  time  that  the 
wheel  is  performing  one,  they  must  be  represented  by  two 
circles,  which  are  in  proportion  to  each  other  as  four  is  to 
one.  When  these  two  circles  are  so  placed  that  their  outer 
rims  shall  touch  each  other,  a  line  drawn  from  the  centre  of 
the  one  to  the  centre  of  the  other  is  termed  the  line  of 
centres;  and  the  radii  of  the  two  circles  the  proportional 
radii.  These  circles  are  sometimes  called  proportional 
circleSj  but  by  mill-wrigfats  in  general  pitch  lines. 

The  teeth  which  are  to  communicate  motion  must  be 
formed  upon  these  two  circles.  The  distance  from  the  cen- 
tres of  two  circles  to  the  extremities  of  their  respective  teeth, 
is  called  the  real  radii ;  and,  in  practice,  the  distance  be- 
tween the  centres  of  two  contiguous  teeth,  that  is,  the  dis-. 
tance  from  the  centres  of  two  teeth  measured  upon  their 
pitch  line,  is  called  the  pitch  of  the  wheel.  The  straight  part 
of  a  tooth  which  receives  the  impulse  is  called  the  Jlanfc,  and 
the  curved  part  that  imparts  the  impulse,  the  face. 

Two  wheels  acting  upon  one  another  in  the  same  plane, 
having  their  axes  parallel  to  each  other,  are  called  spur  geer  ; 
when  their  axes  are  at  right,  or  other  angles,  bevelled  geer, 

TO  DBSCEIBB  THE  CITCLOID  AND  EPICYCLOID. 

Fig.  37.  If  the  circle  1,  having  a  point  a  marked  on  its 
circumference,  moves  along  the  straight  line  A  C,  and  at  the 
same  time  revolves  on  its  axis,  the  curved  line  which  the  point 
a  describes  is  called  the  cycloid.  The  point  a  in  circle  1  is 
at  its  starting  place,  at  B  it  has  reached  its  greatest  height, 
and  at  C  its  lowest  depth  ;  and  the  cijrved  line  ABC  described 
by  Uiat  point,  is  the  cycloid, 

Rg.  38.  If  the  circle  1  rolls  on  another  circle,  as  on  the 
circumference  of  circle  2,  the  point  a  describes,  in  a  similar 
manner  to  the  preceding,  the  curve  ag hde,  and  the  circles 
3, 4, 5, 6,  exhibit  the  point  a  in  the  several  positions  of  a\  a% 
«•,«*;  ca^  the  portion  of  circle  3  being  equal  to  ca,  c'^a'^ 
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ito  d^ayt^.a^  to  c^a,  and  c*a*  to  c^a:  the  line  which  is 
thus  described  is  culled  an  exterior  epicycloid.  But  if  thjc 
circle  rolls  Mrithin  another  circle^  as  the  circle  1,  fig.  39,  rolU 
in  the  inside  of  circle  2,  the  line  described  by  the  point  a 
is  then  called  an  interior  epicycloid, 

Jn  fig.  38,  the  circle  a  m  n  is  called  the  generating  circle 
qf  the  epicycloid,  and  that  portion  of  the  larger  circle  over 
which  the  generating  circle  rolls  in  one  revolution  the  base 
of  the  epicycloid.  In  the  interior  epicycloid  the  generating 
circle  of  the  epicycloid  rolls  within  the  circle  of  its  base. 

Aji  epicycloid,  either  internal  or  external,  may  be  conceived 
to  be  formed  of  numerous  small  portions  of  circles,  whose 
radii  are  lines  drawn  from  the  several  points  of  contact,  as 
c,  c*,  c^,  c*y  c  being  the  centre  of  one,  c*  of  another,  and  c* 
.the  .centre  of  apother,  so  that  these  lines  are,  as  respects  those 
sever^  positiQUs,  radii  of  each  circle,  and  perpendiculars  to 
the  epicycloid  ^  U,  therefore,  a  line  be  drawn  from  any  point 
where  the  generating  circle  is  in  contact  with  the  base  to  the 
point  which  tr^^a  the  epicycloid^  it  will  fall  perpendicular 
to  the  epicycloid. 

As  the  several  lines  drawn  from  the  points  of  contact  of  the 
generating  circle  are,  in  all  cases,  the  varying  radii  for  gene- 
rating the  epicycloid,  it  is  plain  that  when  the  generating  cir- 
cle shall  have  passed  over  half  of  its  base,  and  consequently 
have  performed  half  of  a  revolution,  the  diameter  of  the  ge- 
Iiqrating  circle  shall  be  a  line  drawn  from  the  point  of  con- 
tact to  the  ge^eiratiQg  point,  and  which  line  shall,  if  prolonged, 
pass  through  the  centre  of  the  circle  of  the  b^e,  so  that  the 
tracing  point  in  that  part  of  the  epicycloidal  line  shall  be  &r- 
ther  from,  ai^d  in  all  other  points  nearer  to,  the  base,  as  the 
perpendiculars  that  fall  upon  the  epicycloid  from  the  points  of 
contact  shall  in  every  other  position  be  shorter.  Suppose  the 
circle  1,  fig.  40,  to  be  a  generating  circle,  and  circle  2  to  be 
the  circle  of  the  base,  if  the  diameter  of  circle  1  be  equal  to 
the  radius  of  circle  p,  the  point  a  shall  trace  the  line  abcas 
an  interior  epicycloid ;  for  if  the  diameter  of  circle  1  be  equal 
to  half  of  the  diameter  of  circle  2,  so  will  the  circumference 
of  circle  1  be  equal  to  half  of  the  circumference  of  circle  2j 
and  consequently,  when  the  generating  circle  I  shall  have 
performed  one  revolution  upon  the  circle  2,  as  its  base,  the 
po^nt  a  shall  be  exactly  opposite  to  the  place  from  where  it 
started  :  now  the  dianieter  of  circle  1  is  equal  to  the  radius  of 
circle  2  when  half  way,  aii4  the  tracing  point  is  exactly  in  the 
centre  of  circle  2,  wnich  proves,  that  the  epicycloid  traced 
jby  the  circle  I  is  a  straight  line,  and  the  dianieter  of  circle  2, 
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ON  THE  TEETH  OF  WHEELS. 

If  two  cylinders  be  placed  ia  cbse  coutact,  motion  eannot 
be  communicated  to  the  one  without  tbat  motion,  by  meana 
of  die  irregularities  of  their  surfaces,  (of  which  we  have  spoken  • 
under  the  article  Friction,)  being  communicated  to  the  other, 
and  the  smaller  cylinder  shall  perform  exactly  as  many  revolu* 
tions  to  one  revolution  of  the  larger  cylinder,  aa  the  larger 
cylinder  oontaina  upon  its  circumference  so  many  measured 
orcomferences  of  the  smaller  cylinder. 

Wheels,  however,  which  act  by  their  surfaces  only,  are  ill* 
calculated  to  transmit  motion  to  any  considerable  extent,  as 
the  motion  which  the  follower  has  acquired  is  not  of  sufficient 
power  to  overcome  the  great  resistance  which  would,  in  such 
case,  be  opposed  to  it ;  consequently  it  becomes  necessary  to 
have  projectiona  or  teeth,  and  that  form  of  the  teeth  will  be 
the  b«it  winch  causes  the  wheel  to  act  as  though  the  motion 
were  communicated  by  contact  of  the  pitch  lines. 

S^ur  geer^  6g,  39*.  If  the  three  circles  1, 2, 3,  in  contact 
at  the  point  a,  be  made  to  revolve  about  their  centres,  so  that 
they  shall  continually  touch  at  the  point  a,  their  motions  will 
be  similar  to  what  would  have  been  generated  by  one  com- 
municating motion  to  the  other  two  by  contact ;  and  circle  3 
will  move  as  though  rolling  on  the  external  surface  of  circle  1, 
and  internal  surface  of  circle  2,  and  consequently  become  the 
generating  circle  of  the  exterior  epicycloid  on  circle  1,  and  the 
generating  circle  of  the  interior  epicycloid  on  circle  2.  As  the 
diameter  of  circle  3  is  equal  to  the  radius  of  circle  2,  the  in- 
terior epicycloid  will  be  a.straight  line  passing  through  B  the 
centre  of  circle  2 ;  aod»  supposing  the  point  a  to  have  per- 
formed that  portion  of  a  revolution  which  places  it  at  K,  a 
portion  of  the  exterior  epicycloid  will  be  represented  by  the 
line  £  K,  and  a  portion  of  the  interior  epicycloid  by  D  K. 
Therefore^  as  the  epicycloids  DK  and  E  K  are  both  generated 
by  one  motion  at  the  same  point  on  the  same  circle,  they  will 
continually  touch  at  the  generating  point,  and  the  total  sur<- 
&ce  of  £  K  will  pfiss  over  the  totfd  surface  of  D  K  j  and  if 
the  epicycloid  £  K  be  affixed  to  the  external  surface  of  cbr 
cle  1,  and  act  upon  the  portion  of  the  epicycloid  D  K,  it  will 
transmit  motion  to  circle  2,  as  though  that  motion  were  com-r 
iDunicated  by  contact  of  the  pitch  lines ;  which  proves  that 
E  K  presents  us  with  the  best  form  of  tooth,  and  which  tooth 
would,  when  acting  upon  the  radii  of  the  wheel  to  be  driven, 
move  it  as  though  the  motion  were  communicated  by  contact. 
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Fig.  40*  represents  a  mode  of  forming  the  teeth  of  wheels 
when  they  are  to  act  upon  a  trundle.  Circle  1  represents  the 
pitch  line  of  the  wheel ;  and  circle  2  the  pitch  line  of  the  trun- 
dle ;  which  are  supposed  to  act  by  contact  at  the  point  a. 
When  a  arrives  at  a\  it  will  have  traced  that  portion  of  an 
epicycloid  represented  by  a*  a%  and  as  a  is  the  generating 
point  of  the  epicycloid,  the  distance  from  a  to  a',  and  from 
a  to  a^i  will  be  equal :  and  the  epicycloid  a^  a%  being  ge- 
nerated by  the  proportional  circle  or  pitch  line  of  the  trundle, 
presents  us  with  the  properest  form  for  the  tooth  of  a  wheel 
that  is  to  drive  a  trundle  with  circular  staves  posited  in  its 
pitch  line. 

We  shall  now  proceed  to  the  practical  mode  of  applying 
these  rules.  Let  circle  2  be  the  proportional  circle  or  pitch 
line  of  a  trundle ;  and  circle  1  the  pitch  line  of  a  wheel  which 
is  to  drive  that  trundle ;  and  by  the  revolutions  of  these  two 
circles  let  the  portion  of  an  epicycloid  a^  a?  be  generated, 
so  that  when  a  bne  is  drawn  from  a^  to  the  centre  of  circle  1 , 
it  will  intersect  that  circle  at  b^  whose  distance  from  a^  is 
such,  that  when  the  semi-diameter  of  a  staff  of  the  trundle 
is  subtracted  from  it,  the  remainder  will  be  equal  to  half  the 
intended  thickness  of  the  tooth  of  the  wheel.  Set  off  per- 
pendicularly to  the  epicycloid  inwards,  the  semi-diameter  of 
one  of  the  staves  at  so  many  points  that  you  will  be  able  to 
trace  through  the  points  thus  set  off,  a  line  parallel  to  the 
epicycloid  a*  a^,  which  line  will  be  the  face  of  the  tooth  of 
the  wheel,  being  less  than  the  tooth  formed  by  the  epicy- 
cloid a*  a?  by  the  semi-diameter  of  a  staff  of  the  trundle, 
indeed  the  diminution  must  be  rather  more,  as  the  width 
gg  must  be  made  sufficient  for  the  staves  to  clear  them- 
selves, as  the  whole  of  the  epicycloidal  line  must  act  upon 
their  surface. 

Fig.  41.  To  describe  the  teeth  of  a  wheel  for  a  trundle, 
by  means  of  circular  arcs,  let  us  suppose  A  B  to  be  the  line  of 
centres,  C  D  the  pitch  line  of  the  wheel,  E  F  the  pitch  line  oi 
the  trundle,  and  the  centre  of  the  staff  G  to  be  in  the  line  of 
centres  A  B  ;  then  by  placing  one  foot  of  the  compasses  in 
the  centre  of  the  staff  G,  we  can  describe  the  arc  m  w,  which 
is  the  form  of  the  face  of  a  tooth  sufficiently  near  that  of  an 
epicycloid  for  common  purposes. 

Fig-.  42.  To  find  the  form  for  the  teeth  of  a  wheel  and  the 
leaves  of  a  pinion  which  are  to  Set  together,  we  must  set  off  on 
the  pitch  lines  the  points  in  n  a,  and  y;  q  r,  &c.,  according  to 
the  proper  thickness  of  and  distance  between  the  teeth  and 
leaves,  mid  from  these  points  draw  radii,  to  serve  as  the 
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flankft  of  the  teeth.    The  spaces  must  be  of  sufficient  depth  to 
aUow  for  the  action  of  the  curved  part  of  the  teeth  and  leaves. 

Then  with  the  generating  circle  1,  whose  diameter  is  equal 
to  the  proportional  radius  of  the  pinion,  describe  upon  the 
extremities  of  the  sides  of  each  tooth,  and  upon  the  circum- 
ference of  the  proportional  circle  of  tlie  wheel  as  a  base,  the 
epicycloids  ab^bn;  and  with  the  generating  circle 2,  describe 
upon  the  proportional  circle  of  the  pinion  as  a  base,  the  epi- 
cycloid gD,  wUch  will  give  the  required  form  of  the  teeth 
and  leaves. 

For  if  the  prqecting  epicycloid  a  b  push  against  the  ra« 
dius/r  of  the  proportional  pmion,  the  wheel  and  pinion  will 
move  with  equal  velocity ;  and  a  similar  effect  will  be  produced 
by  the  epicycloid  p  D  being  pushed  by  the  radius  o  m  of  the 
wheel  towards  the  line  of  centres. 

Fig.  43.  When  one  wheel  is  to  conduct  another,  it  is  not 
necessary  that  the  wheel  to  be  conducted  should  have  teeth 
of  an  epicycloidal  form ;  and  were  the  teeth  not  subject  to 
wear  by  friction,  there  would  be  no  occasion  to  extend  the 
teeth  of  the  conducted  wheel  beyond  the  pitch  line;  but  such 
being  the  case,  it  becomes  necessary  to  fonn  the  teeth  of  the 
conducted  wheel  in  the  manner  represented  in  the  figure  by 
the  dotted  lines. 

Mr.  Buchanan,  in  his  **  Essay  on  the  Teeth  of  Wheels," 
objects  to  this  mode  of  forming  the  teeth  of  the  conducted 
wheel,  and  recommends  that  a  trundle  or  wheel  with  cylin- 
drical staves  should  be  adopted,  as  it  will  be  less  acted  upon 
in  approaching  the  line  of  centres,  and  consequently  have  less 
friction  than  a  pinion  or  wheel,  the  sides  of  whose  teeth  tend 
to  the  centre. 

"  This  will  appear,"  says  he,  **  by  fig.  44,  which  repre- 
sents a  staff,  a,  of  a  trundle,  and  a  leaf,  b,  of  a  pinion, 
turning  round  on  the  same  centre  A,  and  a  tooth  adapted  to 
each,  turning  on  a  common  centre  B.  The  thickness  of  each 
of  the  teeth,  and  the  proportional  circle  of  both  wheels,  are 
the  same,  and  the  proportional  circles  of  the  pinions  are  also 
equal,  and  teeth  are  each  made  of  the  greatest  length  which 
the  intersection  of  the  curves  will  admit,  which  turns  out  con- 
siderably greater  in  the  tooth  adapted  to  the  staff.  The  shaded 
parts  represent  the  tooth  adapted  to,  and  acting  upon,  the 
btaff ;  and  the  dotted  lines  represent  the  tooth  adapted  to, 
and  acting  upon,  the  leaf.  The  teeth,  in  both  casc^,  are  re- 
presented as  just  at  the  point  where  they  would  cease  to 
move  the  leaves  or  staves  uniformly ;  and  it  appears  the  staff 


96  THE  OPBRATIVB  MECHANIC 

is  canducted  considerably  further  beyond  the  line  of  centres 
thaq  the  leaf;  hence  the  staff  will  be  less  acted  upon  in 
approaching  the  line  of  ceptres. -' 

As  the  trundle  in  common  use  is  very  weak  and  imperfect^ 
IVfr.  Buchanan  conceived^  that  a  wheel  might  be:  made,  which, 
would  combine  the  advantages  of  both  th^  pinion  and  trun- 
dle, and  accordingly  had  soo^  wbee1f9  made^  which  appeared, 
to  answer  every  expectution, 

"  These  wheels,  s«^ys  he,  "  were  mude  of  cast  iroqu  They 
were  each  cast  of  one  solid  mass.  Fig.  46,  No.  ),  repre- 
sents the  edge  view^^  ^nd  No.  2,  a  section  of  oi^e  of  them ; 
wh^r^by  is  shown  the  manner  in  which  the  teeth  are  sup- 
jpiorted,  like  the  staves  of  a  trundle  at  eadh  end,  and  like  the 
leaves  of  a  pinion  at  the  rootSi^  hut  so  very  thin  there,  as  to 
run  no  risk  of  having  the  comn^on  fai^lt  of  pinions,  just  nowc 
ootice4«  They  were  difficult  to  piould :  but  were  they  to 
come  more  i&to  use,  I  faav^  no  doubt  ingenious  workmen 
would  soon  get  over  this  obstacle."  *  ^^  I  mentioned,"  he 
continues?  '^  iu  cases  where  the  pinion  had  few  teeth,  that  iu 
tiie  copducted,  whether  wheel  or  pinion,  staves  should  be  pre- 
ferre4;  but  it  is  obvious,  that,  the  method  just  described, 
of  nisi)dng  a  small  trundle  of  cast  iron,  would  not  apply  to  a 
wheel  of  a  great  number  of  staves.  Nor  is  it  in  that  case  so 
necessary,  as  the  greater  the  number  of  teeth  are^  the  longer 
they  wiU  be  in  losinj^  their  proper  figure.  In  such  cases, 
therefore,  staves,  strictly  speaking,  should  not  be  used,  but 
teeth  made  so  as  to  produce  the  same  effect— 'that  is,  having 
their  acting  parts  of  the  figure  of  a  staff.  What  is  meant 
will  be  betier  understood  by  inspecting  fig.  46,  where  the 
lines  show  the  alteration  necessary  on  the  tooth  A,  in  order 
to  make  it  produce  the  effect  of  a  staff;  which  staff  is  repre- 
sented by  the  faint  dots.  The  dotted  lines  on  d  represent 
the  alteration  requisite  to  adapt  it  to  the  staff,  it  being  neces- 
sary, as  formerly  proved,  to  have  it  a  different  epicycloid  from 
what  is  required  to  adapt  it  to  a  tooth  whose  acting  part  is  a 
straight  line,  tending  to  the  centre  of  its  proportional  circle." 

**  Teeth,"  says  Mr.Tredgold,  in  the  second  edition  of  Mr. 
fiuclxanan's  work,  '^  seen»  to  be  very  well  ac^pted  for  va- 

*  By  casting  separate  plates  with  indents  to  fix  the  teeth,  and  bolting 
them  together,  the  pinion  might  be  made  sufficiently  strong :  such  a  method 
indeed  ia  used  fceqiiently  in  crane-work,  where  it  has  the  important  advan* 
taige  of  preventing  the  wheals  g^iug  out  of  geer. 

N.  Bw  Tliis  not/e  is  hy^  Mr.  Tredgold,  editor  of  the  second  edition  of  9q» 
phanan's  "  Practical  Essjiys  on  Mill- work/' 


AHV  MACHINIST.  27 

rioua  puqpoBes,  when  furmed  on  the  principle  recommended 
in  the  preceding  article.  I  therefore  will  endeavour  to  show 
a  simple  method  of  describing  such  teeth. 

"  It  must  be  observed^  thai  the  teeth  to  resemble  staves  are 
to  be  always  on  the  conducted  wheel  or  pinion  ;  thus  afford* 
ing  the  peculiar  advantage  of  the  wheel  and  trundle  in  either 
bcreasing  or  diminishing  velocity. 

^^  Fig.  38*.     Liet  the  teeth  be  divided  as  usual  on  the  pitch 
lines,  £  E,  F  F ;  and  on  the  conducted  wheel  C  describe  cir- 
cles, as  though  there  were  to  be  staves.    Conceive  the  centre 
of  one  of  these  staff  teeth  to  be  in  the  line  of  centres  at  A, 
and  diraw  the  line  A  B  joining  the  centres  of  the  staff  teeth. 
Then  the  radius  A  b,  from  the  centre  A,  will  describe  the 
curved  side  &  c  of  the  tooth  of  the  conductor,  and  the  curved 
part  &  a  of  the  conducted  wheel.    And  since  this  radius  is 
eqi^al  to  the  pitch  diminished  by  half  the  diameter  of  the  cir- 
cle of  the  staff  teeth,  and  the  centres  will  always  be  in  the 
pitch  lines  of  the  wheels,  all  the  other  teeth  may  be  easily 
described." 

The  editor  then  eoteni  into  some  calculations,  which  the 
limits  of  ouf  work  will  not  permit  ns  to  pursue,  we  therefore 
refer  our  readei^  to  the  work  itself,  which  embraces  much 
useful  inforoi^tiott. 

Fig.  47.  Wh^  a  pinion  is  required  to  have  but  a  slow 
motion,  an  internal  pinion,  which  has  less  friction  than  the 
external  one,  may,  in  many  cases,  he  adopted  with  advantage. 
To  OlustFate  tUs,  let  iVf  %•  48,  be  the  proportional  circle 
or  pitch  line  of  a  ^beel,  9  that  of  an  external  piaioB,  and  C 
that  of  an  pitenial  pinion,  all  at  contact  at  the  point  a:  now, 
if  motion  l^  coin^nimicated  to  the  wheels,  so  that  they 
move  nniforinly,  it  will  be  sew,  that  when  the  point  a  has 
arrived  at  bed,  each  of  the  wheels  haying  travelled  over  an 
equal  distance  from  the  line  of  centres  D,the  space  from  6 toe 
is  much  less  than  that  frpm  ctod,  and  consequently  had  the 
wheels  moved  by  Qi^eans  of  teeth,  the  tooth  of  the  internal 
pinion  C  would  have  sUd  over  a  smaller  part  of  a  tooth  of  the 
wheel  A„  than  ^  tooth  pf  the  external  pnion  B,  which  proves 
it  would  have  had  l^s  velocity  ^nd  less  friction. 

Fig.  49  represents  a  rack  and  pinion^  recommended  by 

MnTred^oId.     AB  the  pitch  Ime   of  the  rack,   BC   the 

pitch  lioe  of  the  pic^ion^  and  the  form  oJf  the  tooth  C  D  is 

the  involute  of  ^    circle;  but  when  the  rack  impels  the 

pinion,  the  curved  f^^  <^f  each  of  the  teeth  of  the  rack 

should  he  a  portion  of  a  cycloid,  (as  A,  a,  fig.  37,)  and  the 

leaves  of  the  pinio^  straight  lin^s  radiating  from  the  centre 
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of  the  pillion ;  the  diameter  of  tiie  generating  circle  for 
describing  the  cycloidal  teeth  should  he  half  the  proportional 
diameter  of  the  pinion.  See  Buchanan's  Practical  Essays 
on  Mill-work.    Tredgold's  edition. 

Bevel  geer, — We  have  already  stated,  that  when  the  axes 
of  wheels  are  .  angular  to  each  other,  they  are  called 
bevel  geer,  in  order  to  distinguish  them  from,  spur  geer, 
whose  axes  are  parallel ;  it  therefore  now  remains  for  us 
to  describe  in  what  manner  the  teeth  of  bevel  geer  differ 
from  the  teeth  of  spur  geer. 

Bevel  geer  is  represented  by  the  two  cones  at  fig.  cO, 
where  A  B  and  B  C  are  the  axes,  and  D  £  and  £  F  their 
proportional  diameters  or  pitch  lines. 

If  these  two  cones  are  placed  in  close  contact,  and  motion 
is  communicated  to  the  one,  that  motion  will,  as  is  already 
stated,  be  communicated  to  the  other,  and  the  motion  of 
both,  as  we  have  shown,  when  speaking  of  spur  geer, 
will  be  equal. 

The  epicycloid  for  forming  the  teeth  of  bevel  geer,  is 
generated  by  one  cone  rolling  upon  the  surface  of  another, 
while  their  summits  coincide :  for  example,  if  a  cone  C, 
fig.  51,  having  a  point  a,  move  upon  the  surface  of  the 
cone  D,  the  point  a  will,  in  its  revolutions,  describe  the 
line  A  E  F,  A  being  the  place  from  where  it  starts,  E  its 
greatest  height,  and  F  its  lowest  depth ;  therefore  a  curved 
line  drawn  from  A  to  £,  and  continued  from  E  to  F, 
gives  what  is  called  a  spfierical  epicycloid;  and  the  base 
of  the  cone  C  is  the  genercUihg  circle  of  the  spherical 
epicycloid.  The  method  of  using  the  spherical  epicycloid 
for  forming  the  teeth  of  bevel  geer  is,  in  every  respect, 
similar  to  the  method  of  using  the  exterior  and  interior 
epicycloid  for  forming  the  teeth  of  spur  geer,  consequently  it 
will  be  needless  to  repeat  it. 

Fig.  52.  To  construct  bevel  geer  we  must  calculate  the 
proportional  diameters  or  pitch  lines  of  the  wheel  and 
pinion  that  are  to  act  upon  each  other,  and  then  draw 
their  axes  AB  and  B  C,  Draw  parallel  to  the  axis  AB 
of  the  wheel  the  line  D£,  and  the  Ime  FD  parallel  to 
the  axis  of  the  pinion,  and  from  the  point  D,  where  these 
two  lines  intersect,  draw  the  line  D  G  perpendicular  to 
A  B,  and  D  H  perpendicular  to  B  C,  and  make  1 G  equal  to 
D  I,  and  K  H  equal  to  D  K ;  then  D  G  gives,  what  is  called 
the  principal  diameter,  or  diameter  of  the  pitch  line  of  the 
wheel,  and  D  H  that  of  the  pinion. 

Proceed  to  draw  the  teeth  of  the  wheel,  by  fixing  one 
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foot  of  the  compasses  in  the  point  at  A,  and,  having  ex- 
tended the  other  foot  to  the  distance  G,  sweep  the  small 
arc  G  o,  then  set  off  the  length  of  the  tooth  from  G  to  i^, 
draw  the  line  b  c,  tending  to  a,  and  sweep  the  arc  c  e^  con- 
centric to  b  a.  Set  off  from  G  to  /  part  of  the  required 
length  of  the  tooth,  from  the  principal  diameter  to  the  root ; 
and  draw  the  line  fg  tending  to  A,  which  gives  the  root 
of  the  tooth.  Parallel  to /^,  draw  ae,  and  afge  will 
represent  a  section  of  the  solid  ring  of  the  wheel. 

In  an  excellent  article  on  mill-work,  in  Dr.  Rees's  Cyclo- 
pedia, the  author  states,  "  that  the  manner  of  setting  out 
the  teeth  of  cog-wheels,  in  such  a  form  that  they  shall  act  in 
the  most  equable  manner  upon  each  other,  and  with  the 
least  friction,  has  been  a  subject  of  much  investigation 
among  mathematicians  and  theoretic  mechanics ;  but  the 
practice  and  observation  of  the  mill-wrights  have  produced  a 
method  of  forming  cog-wheels,  which  answers  nearly,  if  not 
fully,  as  well  in  practice,  as  the  geometrical  curves  which 
theory  has  pointed  out  to  be  the  most  proper.  This  they 
have  effected  by  making  the  teeth  of  the  modern  wheels  ex- 
tremely small  and  numerous.  In  this  case,  the  time  of  action 
in  each  pair  of  teeth  is  so  small,  that  the  form  of  them  be- 
comes comparatively  of  slight  importance  ;  and  the  practical 
methods  of  the  mill-wrights  (using  arcs  of  circles  for  the 
curves)  approximates  so  neaiiy  to  the  truth,  that  the  dif- 
ference is  of  no  consequence  :  and  this  method  is  the  best, 
because  it  so  easily  gives  the  means  of  forming  all  the  cogs 
exactly  alike,  and  precisely  the  same  distance  asunder,  which, 
by  the  application  of  any  other  curve  than  the  circle,  is  not 
so  easy.  The  method,which  is  extremely  simple,  is  explained 
in  fig.  53.  The  wheel  being  made,  and  the  cogs  fixed  in 
much  larger  than  they  are  intended  to  be,  a  circle,  a  a,  is 
described  round  the  face  of  the  rough  cogs  upon  its  pitch 
diameter,  that  is,  the  geometrical  diameter,  or  acting  line  of 
the  cogs  ;  so  that  when  the  two  wheels  are  at  work  together, 
the  pitch  circles,  a  a,  of  the  two  are  in  contact.  Another 
circle,  bb,  is  deseribed  within  the  pitch  circle  for  the  bottom 
of  the  teeth,  and  a  third,  dd,  without  it,  for  the  extremities. 
After  these  preparations,  the  pitch  circle  is  accurately  di- 
vided into  the  number  which  the  wheel  is  intended  to  have  : 
a  piur  of  compasses  are  then  opened  out  to  the  extent  of  one 
and  a  quarter  of  these  divisions,  and  with  this  radius  arcs  are 
struck  on  each  side  of  every  division,  from  the  pitch  line  a, 
to  tAe  outer  circle  dd.  Thus  the  point  of  the  compasses 
b&Dg  set  in  the  division  e,  tlie  curve  /g^  on  one  side  of  the 
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cog,  and  n  o  on  one  side  of.  the  other,  are  described ;  then 
the  point  of  the  compasses  being  set  on  the  adjacent  divi- 
sion k,  the. curve  /m  is  described.  This  completes  the 
curved  portion  of  the  cogs  e,  and  this  being  done  all  round 
completes  every  tooth ;  the  remuning  portion  of  the  cog 
withm  the  circle  a,  is  bounded  by  two  straight  lines  drawn 
from  the  points  g  and  m  towards  the  centre ;  this  being 
done  to  the  cogs  ail  round,  the  wheel  is  set  out,  and  the  cogs, 
being  dressed  or  cut  down  to  the  lines,  will  be  formed  ready 
for  work,  every  cog  being  of  the  same  breadth ;  and  the  space 
between  everv  one  and  its  neighbour  is  exactly  equal  to  the 
breadth,  provided  the  ^compasses  are  opened  to  the  extent  of 
one  division  and  a  quarter  as  first  described.'^ 

COUPLINGS. 

Coupling  boxes  are  us^d  to  connect  the  shafts  of  wheels  ; 
they  are  either  round  or  square,  and  with  single  or  double 
bearings.  The  square  coupling  with  double  bearings,  is 
represented  in  fig.  &4,  where  B,  between  the  bridges  C  D, 
is  a  square  shaft  with  the  coupling  box  resting  upon  it,  ready 
to  be  thrust,  when  occasion  requires  it,  upon  the  shaft  A, 
which  is  out  of  geer,  and  to  which  it  can  be  ntstened  by  means 
of  a  pin,  as  shown  at  F,  where  the  shafts  are  in  geer.  The 
round  coupling,  represented  in  fig.  55,  is,  when  fastened  on  the 
shafts,  engaged  by  two  bolts  AB,  and  C,  which  pass  through 
the  box  at  right  angles  to  each  other,  and  one  of  them 
through  each  of  the  shafts.  As  it  is  almost  impracticable  to 
form  the  axes  of  two  shafts  with  such  accuracy  thai  they  shall 
present  one  truly  straight  line ;  and  as  the  shafts  will,  though 
made  never  so  accurate,  wear  unequally,  both  these  cou|diDgs 
have  been  found  to  be  somewhat  disadvantageous  in  mill* 
work.  The  square  coupling  with  one  bearing,  is  deddeiily 
superior  to  either  of  the  above-mentioned,  as  it  possesses,  to 
a  certain  degree,  the  property  of  being  flexible  in  w  directions. 
In  conveying  motion  through  a  great  length  of  shafU,  where 
there  is  but  Uttle  lateral  pressure,  it  can  be  used  to  great  advan- 
tage ;  but  where  there  is  much  lateral  pressure  the  sockets  are 
found  to  wear  away  and  get  loose,  which  occasions  a  hobbling 
and  inaccurate  motion.  A  longitudinal  section  of  this  couplings 
is  represented  in  fig.  56,  where  A  is  the  square  of  one  shaft, 
B  the  square  of  the  other,  C  C  the  conpting  box,  and  D  D 
two  pins,  one  of  which  passes  through  each  square  of  the 
shafts,  in  order  to  support  the  square  B  in  a  luie  with  the 
square  A.  Sometimes  the  square  B  is  held  in  a  line  with  the 
square  A  by  means  of  a  round  projectisn  F,  from  the  centre 
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of  the  square  A,  enierii]^  into  a  round  hole  in  the  centre  of 
the  sqiiare  B. 

Clulches  or  glands  may  be  used  with  much  advantage  aa 
a  coupiii^  for  double  bearings.  Fig.  57  represents  a  coup- 
ling of  this  kind ;  it  consists  of  two  crosses,  A  A  and  B  B^ 
one  fis^  to  ^aich  shaft :  BB  has  its  ends  bended  forward, 
and  lays  hold  of  A  A^  which  turns  that  shaft  round.* 

In  boiing^QuUs  twe  kinds  of  clutches  are  used.  The  one 
for  the  smaller  kinds  of  work  is  represented  in  fig.  68. 
A  B  is  a  roand  plate  of  cast  iron  fixed  firmly  on  the  shaft  C ; 
D  £  a  lever  fixed  to  the  shaft  H  by  the  bolt  F,  and  capable 
of  being  moiled  in  the  direction  of  the  plate  A  B,  so  that  it 
can  lay  hold  of  the  projections  G  G  G6,  which  will  admit  the 
boring  diaft  H  to  be  thrown  m  and  out  of  geer  at  pleasure. 

The  second  kind  of  bwing-mill  clutch,  or  the  one  that  is 
used  to  bote  the  laigest  cylinders^  is  represented  in  figr.  59. 
The  only  difference  between  this  clutch  and  the  one  just 
descnbed,  connsis  in  having  the  lever  D  E  to  turn  on  a  bolt 
at  F  in  a  oast  iron  plate  I KL,  instead  of  hanging  from  the 
shaft  H.  Three  spare  sets  of  ears,  which  are  cast  on  the 
folate,  to  be  used  in  case  of  those  in  action  breaking,  support 
the  lever  near  the  point  of  pressure  and  take  the  stress 
entirely  off  the  bolt  F. 

When  an  engine  is  Htarted^  it  frequently  happens  that  the 
crank  is  on  the  wr(mg  side  of  the  axis  of  the  fly-wheel,  so  that 
both  that  and  the  shaft  make  one  or  two,  and,  if  the  attend- 
ant is  negligent,  several,  revolutions  in  the  wrong  direction. 
To  prevent  the  mischirf  that  would  accrue  from  such  an  oc- 
curvenoe,  a  coupling,  as  is  r^resented  in  fig.  60,  is  intro- 
duced. A  and  B  are  two  vertical  shafts,  maintained  in  the 
saaie  line  fay  a  small  circular  pin,  which  passes  from  the  shaft 
B  into  a  cavity  on  the  shaft  A,  which  cavity  is  large  enough 
to  admit  the  pm  to  lay  in  it  without  commimicating  motion 
to  the  shaft  A.  The  shaft  B,  which  is  connected  with  the 
moving  power,  has  a  coupling  piece  with  prominences  or 
teetb,  perpfndicHlur  on  the  one  side,  and  inclined  on  the 
other,  fix^  on.  its  upper  end.  The  coupling  or  catch  box 
C,  which  is  capable  of  sliding  freely  up  and  dov^'n  the  square 
part  of  the  shaft  A,  has  a  correspondent  set  of  teeth ;  by 
wideh  it  is  evident,  that  when  the  shaft  B  turns  the  right 
way,  the  perpendicular  sides  of  the  teeth  of  the  respective 
eotqpUqg  ]^eces  will  act  together,  and  carry  round  the  upper 

*  For  a  netfaod   of  canstructing  glands  we  must  refer  our  readers  to 
Buchanan's  Esaay  on  MiU-work, 
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shaft  A  :  but  wheti  B  turns  in  a  contrary  direction^  the  in- 
clined sides  of  the  teeth  of  the  catch-box  will  slide  over  the 
inclined  sides  of  the  teeth  of  the  piece  on  the  shiift  B^  and 
cause  the  catch-box  C  to  move  up  and  down  without  com- 
municating motion  to  the  shaft  A. 

Fig.  61  represents  the  coupling  link  used  by  Messrs.  Boul- 
ton  and  Watt  in  their  portable  steam-engines.  A,  a  strong 
iron  pin,  projecting  from  one  of  the  arms  of  the  fly-wheel  B  j 
D  a  crank  connected  with  the  shaft  C ;  and  £  a  link  to  couple 
the  pin  A  and  the  crank  D  together,  so  that  motion  may  be 
communicated  to  the  shaft  C. 

Hook's  universal  joints  are  sometimes  used  to  communi- 
cate motion  obliquely  instead  of  conical  wheels*  Fig.  62 
represents  a  single  universal  joint,  which  may  be  employed 
where  the  angle  does  not  exceed  forty  degrees,  and  when  the 
shafts  are  to  move  with  equal  velocity.  The  shafts  A  and  B, 
being  both  connected  with  a  cross,  move  on  the  rounds  at 
the  points  C  E  and  D  F,  and  thus,  if  the  shaft  A  is  turned 
round,  the  shaft  B  will  likewise  turn  with  a  similar  motion  in 
its  respective  position. 

The  double  universal  joint,  fig.  63,  conveys  motion  in 
different  directions  when  the  angle  is  between  50  and  90 
degrees.  It  is  at  liberty  to  move  on  the  points  G,  H,  I,  K, 
connected  with  the  shaft  B ;  also  on  the  points  L,  M,  N,  1, 
connected  with  the  shaft  A :  thus  the  two  shafts  are  so  con- 
nected, that  the  one  cannot  turn  without  causing  the  other  to 
turn  likewise.  These  joints  may  be  constructed  by  a  cross 
of  iron,  or  with  four  pins  fastened  at  right  angles  upon  the 
circumference  of  a  hoop  or  of  a  solid  ball :  they  are  of  great 
use  in  cotton  mills,  where  the  tumbling  shafts  are  continued 
to  a  great  distance  from  the  moving  power ;  for  by  applying 
a  universal  joint,  the  shafts  mny  be  cut  into  convenient  lengths^ 
and  so  be  enabled  to  overcome  a  greater  resistance. 

OF  DISENGAGING  AND  REENGAGING  MACHINERY. 

A  KNOWLEDGE  of  the  bcst  methods  of  disengaging  and  re- 
engaging machinery,  or,  as  the  workmen  call  it,  throwing  in 
and  out  of  geer,  is  found  to  be  highly  necessary  in  most  manu* 
factories;  and  yet  it  frequently  happens  that  the  workmen  are 
either  very  ignorant  of,  or  very  inattentive  to,  this  important 
subject. 

Matter  possesses  a  certain  property  termed  inertia^  which 
has  a  tendency  to  maintain  it  in  the  state  in  which  it  actually 
is;  that  is  to  say,  if  a  body  is  set  in  motion,  this  property  has 
a  tendency  to  mainUiin  it  for  ever  in  that  state,  and  certainly 


AMD    MACHJNICTi  33 

would,  were  it  not  gndvally  overcome  by  fHctlon,  or  suddenly 
stopped  by  some  stronger  power ;  tbe  same  may  be  said  of  a 
body  in  a  state  of  rest,  as  this  property  would  ever  maintain 
it  in  that  state,  were  not  some  stronger  force  applied  to  set  it 
in  motion.  Such  being  the  case,  it  frequently  occurs,  when 
powerful  maddnery  is  moving  with  some  velocity,  and  another 
part,  whidi  is  out  of  geer,  is  suddenly  connected  with  It,  or 
thrown  in  geer,  that  the  shock  proceeding  from  inertia 
snaps  the  teeth  of  the  wheels,  or  causes  destmction  to  some 
other  part  of  the  machinery.  To  obviate  this  as  much  as 
possible,  such  means  should  be  resorted  to,  as  have  been 
found  in  practice  to  answer  best.  The  risk  of  breaking 
the  teeth  may  be  considerably  lessened  by  first  setting 
the  wheels  that  is  to  be  thrown  in  geer,  in  motion  by  the 
hand. 

The  methods  that  have  been  adopted  for  throwing  ma- 
clunery  in  and  out  of  geer  are  various  ;  some  of  the  principsd 
of  whicb  we  shall  now  proceed  to  notice. 

Fig*  64  represents  the  sliding  pulley.  P  a  pulley,  having 
a  hollow  cylmdrical  bush  made  so  that  it  can  revolve  easily 
upon  the  axle  and  slide  backward  and  forward  upon  it ;  B  a 
part  of  the  bush  projecting  on  one  side  of  the  pulley,  having 
a  groove  sufficiently  large  to  admit  the  lever  L  to  lay  in  it 
without  impeding  its  motion  ^  C  G  a  cross  or  gland  fixed 
firm  to  the  axle ;  and  I,  one  or  more  teeth,  projecting  from 
the  pulley  on  the  side  opposite  to  the  bush.  When  the  axle 
AD  is  required  to  be  put  in  motion,  the  lever  L  must  be 
moved  towards  the  cross  or  gland  C  G,  so  that  the  teeth 
upon  the  pulley  may  catch  hold  of  and  carry  it  round  with  it. 

Tbe  bst  and  loose  pulley  is  represented  in  fig.  65.  B  is  a 
pulley  firmly  fixed  on  the  axle  A,  and  C  a  pulley  with  a  bush, 
so  that  it  can  revolve  upon  the  axle  A  without  communicating 
motion  to  it.  This  contrivance  is  remarkable  for  its  beauti- 
ful simplicity,  as  the  axle  A  can  be  thrown  in  and  out  of 
geer  at  pleasure,  without  the  least  shock,  by  simply  passing 
a  strap  from  the  one  pulley  to  the  other. 

The  bayonet,  in  its  construction,  somewhat  resembles  the 
sliding  pulley.  It  is  shown  in  fig.  66.  A  is  a  pulley  or 
binder,  connected  with  the  moving  machinery  by  means  of  a 
strap,  and  revolving  upon  the  horizontal  shaft  B  C,  which  is 
out  of  geer;  D  £  is  a  pulley  or  wheel,  made  of  either  metal 
or  wood,  fixed  firmly  to  the  horizontal  shaft,  and  having  two 
holes  to  allow  the  legs  of  the  bayonet  to  pass  through  ;  F  G 
is  the  bayonet,  having  a  bush,  and  capable  of  being  moved 
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backward  and  forward  upon  the  horfaontal  riiaft  by  padmig 
tiie  handle  H  H ;  so  that  when  the  shaft  B  C  is  required 
to  be  put  in  mdtioin^  the  attendant  has  oniy  to  push  the 
bayonet  into  the  pulley  D  £>  which  will  imme^ately  carry  it 
round. 

Fig.  67  represents!  one  of  the  simpkat  ways  of  disengaging 
and '  reengaging  wheels.  A  B^  the  btidge  of  the  whed, 
No.  1,  acts  as  a  lever,  having  its  folcrum  at  A ;  the  other 
end  of  the  bridge  B  is  capable  of  being  lifted  by  the  key 
K  K.  When  the  wheels  No.  2,  is  required  to  be  thrown  out 
of  geer,  the  key  K  K  is  pressed  downwards,  and  the  end  of 
the  bridge  B  rests  upon  the  extreme  end  of  tiie  key,  as  dhown 
by  the  dotted  lines. 

The  tightening  roller  is  represented  in  fig.  68.  A  and  B 
are  two  pullies,  the  one  to  receive,  and  the  other  to  transmit, 
motion,  by  means  of  the  strap  C  :  D  is  the  tightening  roller, 
fiwtened  to  a  movable  arm  E,  and  connected  with  a  lever 
G  F.  When  the  moving  puUey  (suppose  A)  is  required  to 
give  motion  to  the  other  pulley  B,  the  lever  G  F  must  be 
pushed  downwards,  which  will  tighten  the  8l7»p  bv  placing 
the  tightening  roller  in  the  position  repres^ited  by  the  dotted 
fines,  and  cause  the  pulley  A  to  carry  tbe  pulley  B  round 
with  it. 

The  friction  clutch,  represented  In  fig.  09,  is  used  to  dis* 
engage  and  reengage  machinery,  when  the  velocity  6f  the 
moving  parts  is  very  great.  A  is  a  pulley,  having  a  bush, 
and  revolving  freely  on  the  shaft  S  S :  B  is  another  pulley^ 
having  a  similar  bush,  and  also  capable  of  revolving  on  the 
shaft :  C  C  is  a  dish-spring,  secured  in  its  place  by  the  pin 
pp,  and  forcing  the  pulley  B  against  the  coUiff  D,  which  is 
fixed  permanently  to  the  shaft.  When  motion  is  required 
to  be  commimicated  to  the  shaft  S  S,  the  pulley  A  is  moved 
towards  the  pulley  B,  and  the  teetii  projecting  from  the  side 
of  the  pulley  A,  clasps  those  of  the  pulley  B,  and  carries  it 
round  with  it ;  and  the  friction  of  the  pulley  B  against  the 
collar  D,  gradually  overcomes  the  inertia,  and  carries  l^e 
shaft  and  connecting  machinery  also  round. 

The  friction  clutch,  represented  in  fig.70,  is  a  very  excellent 
contrivance,  as  it  prevents  all  those  injurious  shocks  which 
the  machinery  is  apt  to  receive  upon  being  thro%vn  into  geer. 
CC  is  a  cross  meed  firm  on  the  moving  sfafaft  A;  and 
£  is  a  pulley  or  drum  fixed  firm  on  the  shaft  to  be  moved,  B. 
Wh*en  the  shaft  B  is  required  to  be  mOved,  the  clutdi  or 
bayonet  K  is  made  to  pass  through  the  arms  of  the  cross  C  C, 
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md  dMp  the  tctewAMOfr  1 1^  wbidi  is  by  that  means  carried 
Tomid  inth  the  dbaft  A,  aiid  the  friction  caused  by  the  acrew- 
faoop  1 1,  tuninsg  upon  the  dmin  or  nulley  E^  causes  the  drum 
and  the  shaft  B,  to  which  it  is  attacned,  to  turn  likei^ise. 

The  bietian  cone  is  irery  similar  in  its  eflfects  to  tlie  fric- 
tKMi  chiteh.  On  the  moving  shaft  A,  fig.  71>  is  fixed  a  cone 
C ;  and  on  die  shaft  B  is  another  cone  D,  made  to  fit  in  the 
cone  C.  The  itone  D  is  movable  on  a  square  part  of  the 
shaft  B,  and  may,  by  a  lever,  be  moved  in  and  out  of  geer. 
When  the  cone  D  is  moved  forward,  the  cone  C  receives 
motion  by  its  internal  surfiice. 

In  fig.  73  is  represented  the  self-disengaging  coupling. 
Two  shafts,  A  and  B,  have  each  of  them  a  cast  iron  wheel,  with 
fi>ar  obHqne  wrou^t  iron  teeth  $  but  the  whed  on  the  shaft 
B  is  movable,  on  A  it  is  fixed.  When  the  coupling  is  en- 
gaged, the  teeth  of  the  wheel  C  lay  hold  of  the  teeth  of  the 
wteel  D,  and  carry  it,  and  the  shaft  A,  round  with  the  shaft 
B.  E  F  G  is  a  bent  lever,  havmg  its  fulcrum  at  F,  which, 
dming  the  ordinary  stress  on  B,  keeps  forward  the  bayonet  C, 
by  the  weight  of  the  part  F  G ;  but  when  a  more  than  usual 
stress  comes  on  the  shaft  B,  the  pressure  on  the  oblique 
teeth  ibrces  the  bavonet  back,  and  disengages  the  coupling, 
and  the  lever  is  held  by  a  catch  uutU  die  coupling  is  re- 
engaged by  the  hand  of  the  workman. 

ON  SaUALIZING  THE  MOTION  OF  MACHINERY. 

Thb  regnhtion  of  the  velocity  of  a  mill  la  a  matter  of  very 
great  inqxntabce  to  preserve  an  uniformity  ct  motion,  either 
when  the  force  of  the  first  mover  is  flucUuiting,  or  when  the 
reflistBoce  or  wwk  of  the  mill  varies  in  its  degree  X  either  or  both 
of  these  causes  will  occasion  the  mill  to  accelerate  or  diminish 
its  veloeity ;  and  in  many  instances  it  will  have  a  very  injurious 
dfect  upon  the  operations  of  the  mill.  Thus,  in  a  mill  for 
spinning  cotton,  wod,  flax,  &c.,  driven  by  a  water-wheel,  are 
a  multiplicity  ci  moveaiients,  many  of  wUch  are  ocdisionally 
disengaged,  in  different  parts  of  the  mill,  fi>r  various  purposes. 
This  tends  to  diminish  the  resistance  to  the  first  mover,  and 
the  whole  nuA  accderates.  Or,  on  the  other  hand,  the  head 
of  water,  w1h<A  drives  the  wheel,  may  be  liable  to  rise  and 
ftH  suddenly^  from  many  causes,  which  great  and  n^id  rivers 
are  subject  to,  and  cause  similar  irregularities  in  the  speed  of 
the  wheel.  For  such  cases  judidons  medianics  have  adopted 
contrivances,  or  regulators,  which  counteract  all  these  causes 
of  irregularity ;  and  a  large  miH,  so  regulated,  will  move  like 
a  dock,  wiUi  regard  to  its  regularity  of  velodty.    These 
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regulators  are  usually  called  called  govemorSy  and  are  made 
on  different  principles.  Those  most  generally  used  are  called 
flying-balls^  operating  by  the  centrifugal  force  of  two  heavy 
balls^  which  are  connected  and  revolve  with  a  vertical  axis. 
Fig.  189,  steam-enrine,  is  the  simplest  form  of  this  ingenious 
apparatus:  A  A  is  uie  vertical  axis,  which  is  constantly  revolv- 
ing by  the  machinery;  at  a  a  two  arms  or  pendulums,  ab^abj 
are  jointed,  and  carry  at  their  extremities  a  heavy  metal  ball 
each,  as  b,b;  from  the  pendulum  two  chains  or  iron  rods, 
ddy  proceed,  and  suspend  a  collar  e,  which  slides  freely  up 
and  down  the  axis,  and  has  a  groove  formed  all  round  it,  in 
which  the  end  of  a  forked  lever,  D,  is  received;  and  thus  the 
rising  and  the  falling  of  the  collar  «,  produces  a  corresponding 
motion  of  the  end  of  the  lever  D;  but  the  collar  is  always  at 
liberty  to  turn  round  with  the  axis  freely  within  the  fork, 
at  the  extremity  of  the  lever.  The  operation  of  the  governor 
is  this:  when  the  vertical  axis  is  put  in  motion,  the  centri- 
fugal force  of  the  balls  6,  b,  causes  them  to  recede  from  the 
centre;  and  as  this  is  done  both  togetiier,  thev  cause  the 
collar  e,  and  the  end  of  the  lever,  to  rise  up:  the  balls  fly  out 
to  a  certain  height,  and  there  they  continue  as  long  as  the 
axis  preserves  the  same  velocity;  as  it  is  the  property  of  a 
pendulous  ball,  like  i,  to  make  a  greater  effort  to  return  to 
the  perpendicular,  in  proportion  as  it  is  removed  farther  from 
it,  in  consequence  of  the  suspending  rod  being  more  inclined, 
and  bearing  less  of  its  weight.  Tne  weight  of  the  baUs  to 
return  to  the  axis'may  be  considered  as  a  constantiy  increasing 

auantity;  while  the  quantity  of  tiie  centrifugal  force,  causing 
lem  to  recede  from  the  axis,  depends  exactiy  upon  the 
velocity  given  them.  But  tins  velocity  increases  as  they  open 
out,  independently  of  any  increased  vdocity  of  the  axis,  in 
consequence  of  ueir  describing  a  larger  circle.  The  com- 
bination of  these  oppositely  acting  forces  causes  the  governor 
to  be  a  most  sensible  and  delicate  regulator.  Thus :  suppose 
the  balls  hanging  perpendicular  put  the  axis  in  motion  with 
a  certain  velocity,  the  centrifugal  force  will  cause  the  balls 
to  fly  out;  and  this  increasing  their  velocity,  (by  putting 
them  ferther  from  the  centre,  and  causing  them  to  revolve  in 
a  larger  circle,)  gives  them  a  greater  centrifugal  force^  which 
would  carry  them  still  farther  from  the  centre,  but  for  the 
counteracting  force,  viz.  the  weight  of  the  balls  tending  to 
return.  This  is,  as  before  stated,  an  increasing  quantity, 
and  consequentiy  these  opposite  forces  come  to  a  point  where 
tiiey  balance  each  other;  that  is,  the  balls  fly  out  till  their 
weight  to  return  balances  the  centrifugal  force.    But  if  the 
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slightest  alteration  takes  place  in  the  velocity  of  the  axis, 
the  equilibrium  is  destroyed  by  the  increase  or  diminution  of 
the  centrifugal  force,  and  the  balls  alter  their  distance  from 
the  centre  accordingly,  and,  by  elevating  or  depressing  the 
end  of  the  lever,  operate  ujpon  some  part  of  the  mill  to  rectify 
the  cause  of  the  irregularity.  In  a  steam-engine,  the  lever 
acts  upon  a  vane  or  door  situated  in  the  passage  of  the  steam 
from  the  boiler  to  the  cylinder ;  and  if  the  mill  loses  in  velo- 
city, from  an  increase  of  resistance,  the  balls  fall  together  a 
litde,  and  the  consequent  fall  of  the  lever  opens  the  door  or 
throttle-valve  a  little  wider,  and  gives  a  stronger  supply  of 
steam  to  restore  the  null  to  its  original  velocity.  On  the 
other  hand,  if  the  mill  accelerates,  the  balls  open  out  and 
then  close  tiie  vane,  so  as  to  moderate  the  supply  of  steam. 

A  water-wheel  is  not  so  easily  regulated  by  the  governor, 
because  the  shuttle  of  a  large  wheel  requires  a  much  greater 
force  to  raise  or  lower  it,  when  the  water  is  pressing  against 
it,  than  the  lever  D,  can  at  any  time  possess;  it  therefore 
becomes  requisite  to  introduce  some  aidditional  machinery, 
which  has  sufficient  power  to  move  the  shuttle,  and  this  is 
thrown  in  or  out  of  action  by  the  flying  balls.    The  simplest 
contrivance,  and  that  which  we  believe  was  the  regulator  first 
used  for  a  water-wheel,  was  erected  at  a  cotton-mill  at 
Belper,  in  Derbyshire,  belonging  to  Mr.  Strutt.    A  square 
well,  or  large  cistern,  was  situated  dose  by  the  water-wheel : 
it  Lad  a  pipe  leading  from  the  miU-dam  into  it,  to  admit 
water;  and  another  pipe  from  it  to  the  mill-tail,  to  take  the 
water  away:  both  were  closed  at  pleasure  by  cocks  or  sluices. 
Within  the  well  vras  a  large  floatmg  chest,  very  nearly  filling 
up  the  space :  it  of  course  rose  and  fell  with  the  water  in  the 
cistern,  and  had  a  communication  by  rack  and  wheel-work 
with  the  machinery  for  drawing  the  shuttle,  so  that  the  rise 
and  fall   of  the  floating  chest  elevated  and  depressed  the 
shuttle  of  the  wheel.    The  lever  of  the  governor  was  con- 
nected with   the  cocks  in  the  two  pipes  in  such  a  manner, 
that  when  tbe  mill  was  going  at  its  intended  velocity,  both  of 
the  cocks  were  shut;  but  if  the  water-wheel  went  too  slowly, 
the  falling  of  the  balls  and  descent  of  their  lever  D,  opened 
tiie  cock  in  the  pipe  of  supply,  and,  by  letting  water  into  the 
well,  raided  the  float,  and,  with  it,  the  shuttle,  to  let  more 
water  upon  tbe  wheel,  till  it  acquired  such  a  velocity  that  the 
balls  began  to  open  out  again,  and  thus  shut  the  cock :  on 
the  other  hand,  if  the  mill  went  too  fast,  the  balls  opened  the 
pq>e  of  exit  from  the  well,  and  then  the  sinking  of  the  float 
4:Jpsed  the  shuttle  till  the  true  velocity  was  restored. 
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Since  this  first  application  of  the  regulator  to  the  water^ 
wheels  the  manner  of  its  operation  has  been  greatly  varied; 
and  as  the  same  mechanism  is  applicable  to  any  kind  of 
mtU-woric,  we  shall  give  a  slight  sketch  of  it.  Suppose  A, 
fig.  74,  an  axis,  receiving  its  motion  from  the  mill  by  wheel- 
work;  it  is  provided  with  a  pair  of  governors,  ab^ab,  con- 
structed like  those  before  described;  and  at  the  lower  part  of 
the  spindle  is  a  beveUed  wheel,  R,  turning  two  others,  B  and 

C,  situated  upon  one  spindle,  D,  which  goes  away,  and 
communicates  motion  to  the  racks  of  the  shuttle;  the  wheels, 
B  and  C,  are  neither  of  them  fixed  to  the  spindle  D,  but  botl| 
slip  round  fireely  upon  it,  turning  in  contrary  directions,  as 
they  receive  motion  from  the  opposite  sides  of  the  wheel  R. 
A  locking  clutch,  cf,  is  fitted  upon  the  spindle  between  tfaesre 
two  wheels,  B,  C,  and  can,  by  moving  it  one  way  or  the 
other,  be  mzide  to  lock  either  one  of  the  wheels  to  the  spindle 

D,  at  the  same  time  that  it  leaves  the  other  disengaged. 
The  locking-box  is  moved  bv  means  of  a  lever,  shown  in 
fig.  75,  the  arm  m  having  a  roik  to  embrace  a  groove  in  tiie 
box ;  tlie  lever  is  fixed  on  a  vertical  axis  71,  which  has  at  the 
upper  end  two  other  levers,  o,  p;  these  lay  one  at  each  side 
of  the  vertical  axis  A,  but  at  different  heights,  as  is  evident 
from  the  figure.  The  collar  e,  which  is  raised  up  when  the 
balls  fly  out,  is  fitted  upon  a  square  part  of  the  spindle  A^ 
and  is  formed  like  a  snsdl  or  camm,  which  will  act  upon  either 
of  the  levers,  o  or  jt>,  according  to  the  height  at  which  it 
hangs  upon  its  spindle.  Now  when  the  miU  is  going  widi 
its  true  velocity,  this  camm  e  is  at  such  a  height  that  it  is 
beneath  one  lever,  o,  and  above  the  other,  jt>,  so  as  to  inter- 
fere with  neither;  consequently  the  locking-box,  d,  remains 
detached:  but  on  any  alteration  in  the  velocity  of  the  mill 
and  the  axis  A,  the  balls  open  or  shut,  as  before  explained, 
and  the  camm^  e,  either  rises  or  falls,  and  then  it  presses  against 
.one  of  the  levers,  o  or  p,  and  by  pushing  it  away  firom  the 
axis,  it  moves  the  lever  m,  and  tne  locking-box  a,  up  to  one 
of  the  wheels,  B  or  C,  which  it  locks  to  the  axis  D,  and  turns 
it  round  in  the  direction  of  that  wheel's  motion,  by  which  it 
either  raises  or  depresses  the  water-wheel's  shuttle,  as  is 
required.  This  apparatus  may,  it  is  plain,  be  applied  to  any 
other  kind  of  mill- work. 

Governors  or  fljring-balls  are  very  frequently  used  in  the 
wind-mills  employed  for  grinding  flour :  the  variable  force  of 
this  first  mover  renders  some  such  regulator  necessai^,  to 
increase  the  resistance,  by  allowing  a  greater  feed  of  com, 
when  the  mill  moves  too  quickly,  and  thus  in  some  degreo 


oimiitaBaitiBgibeiiMgiilar^  If  the  mill  moves  too  slowly, 
tbe  balk  tend  to  duninJHh  the  feed^  and  at  the  same  time 
tiiey  raise  the  i]p|>er  stone,  to  set  them  at  a  greater  distance 
aaujider,  that  they  may  require  less  power  to  drive  them,  and 
cooaequently  suffer  the  mill,  as  nearly  as  it  can,  to  retain  its 
full  velocity,  thobgh  the  motive  foice  is  greatly  diminished. 
TU»  application  of  the  governor  was,  we  believe,  first  made 
by  tbe  ingenious  captain  Hooper  of  Margate,  who  invented 
the  ihorizontal  wind-mill.  It  is  a  very  great  advantage,  and 
so  wdnd-mill  should  be  without  them.  Many  wind-mills  are 
provided  with  flying-bhlls,  which,  by  very  mgenious  me- 
chanism, clothe  and  undotiie  the  sails  just  in  proportion  to 
the  strength  of  the  wind. 

In  many  mills  it  is  of  consequence  to  be  able  to  detect 
small  variations  in  the  velocity,  and  to  ascertain  the  quantity 
of  them ;  for  the  governor  only  corrects  the  irregularities, 
without  showing  any  scale  of  them.  In  cases  where  this  is 
required,  it  may  be  done  by  a  very  ingenious  instrument, 
invented  by  Mr.  Bryan  Donkin,  of  Fort-place,  Bermondsey. 
He  received  a  gold  medal  ficom  the  Society  of  Arts,  Manu- 
factures, and  Commerce,  in  1810,  for  this  instrument,  which 
he  calls  a  tachometer. 

^  front  view  of  Mr.  Donkin* s  tachometer y  or  instru^ 
mentfor  indicating  the  velocity  of  MachtnerVf  is  represented 
in  fig.  76,  and  a  aide  view  in.i%.  77-  X  Y  Z,  fig.  76,  is  the 
vertical  section  of  a  wooden  cup,  made  of  box,  which  is 
dmwn  in  elevation  at  X,  fig.  ?/•  The  whiter  parts  of  the 
«ection,  in  is.  769  represent  what  is  solid,  and  the  dark  parts 
what  is  hgllow.  This  cup  is  filled  with  mercury  up  to  the 
level  hh,  fig.  76.  Into  the  mercury  is  immersed  the  lower 
part  of  the  upright  glass  tube  A  6,  which  is  filled  with 
cobored  spirits  of  wine,  and  open  at  both  ends,  so  that  some 
of  the  mercury  in  the  cup  enters  at  the  lower  orifice,  and 
when  every  thing  is  at  rest,  supports  a  long  column  of  spirits, 
as  represented  in  the  figure.  The  bottom  of  the  cup  is 
fiistened  by  a  screw  to  a  shcMrt  vertical  spindle  D,  so  that  when 
the  spindle  is  whirled  rotmd,  the  cup  (whose  figure  is  4  solid 
of  revcdution)  revolves  at  the  same  tune  round  its  axis,  which 
cmnddee  with  that  of  the  spindle. 

Inconsequence  of  this. rotation,  the  mercury  in  the  cup 
acqobes  a  centrifugal  force,  by  wUeh.its  particles  are  thrown 
outwaids,  and  that  with  the  greater  intensity,  according  as 
they  are  more  -distant  from  the  axis,  and  according  as  the 
angular  velocity  is  greater.  Hence,  on  account  of  its  fluidity, 
the  mercury  rises  higher  and  higher  as  it  recedes  fix>m  the 
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axis,  and  consequently  sinks  in  the  middle  of  the  cup;  this 
elevation  at  the  sides  and  consequent  depression  in  the 
middle  increasing  always  with  the  velocity  of  rotation.  Now 
the  mercury  in  the  tube,  though  it  does  not  revolve  with  the  • 
cup,  cannot  continue  higher  than  the  mercury  immediately 
surrounding  it,  nor  indeed  so  high,  on  account  of  the  super- 
incumbent column  of  spirits.  Thus  the  mercury  in  the  tube 
will  sink,  and  consequently  the  spirits  also;  but  as  that  part 
of  the  tube  which  is  within  the  cup  is  much  wider  than  the 
part  above  it,  the  depression  of  the  spirits  will  be  much 
greater  than  that  of  the  mercury,  being  in  the  same  propor- 
tion in  which  the  square  of  the  larger  diameter  exceeds  the 
square  of  the  smaller. 

Let  us  now  suppose,  that  by  means  of  a  cord  passing  round 
a  small  pulley  F,  and  the  wheel  G  or  H,  or  in  any  other 
convenient  way,  the  spindle  D  is  connected  with  the  machine 
whose  velocity  is  to  be  ascertained.  In  forming  this  con- 
nection, we  must  be  careful  to  arrange  matters  so,  that  when 
die  machine  is  moving  at  its  quickest  rate,  the  angular 
velocity  of  the  cup  shall  not  be  so  great  as  to  depress  the 
spirits  below  C  into  the  wider  part  of  the  tube.  We  are 
sdso,  as  in  the  figure,  to  have  a  scale  of  inches  and  tenths 
apptied  to  A  C,  the  upper  and  narrower  part  of  the  tube,  the 
numeration  being  carried  downwards  from  zero,  which  is  to 
be  placed  at  the  point  to  which  the  column  of  spirits  rises 
when  the  cup  is  at  rest. 

Then  the  instrument  will  be  adjusted,  if  we  mark  on  the 
scale  the  point  to  which  the  column  of  spirits  is  depressed, 
when  the  machine  is  moving  with  the  velocity  required. 
But,  as  in  many  cases,  and  particularly  in  steam-engines, 
there  is  a  continued  oscillation  of  velocity,  in  those  cases  we 
have  to  note  the  two  points  between  which  the  column 
oscillates  during  the  most  advantageous  movement  of  the 
machine. 

Here  it  is  proper  to  observe,  that  the  height  of  the  column 
of  spirits  will  vary  with  the  temperature,  when  other  cir- 
cumstances are  the  same.  On  this  account  the  scale  ought 
to  be  movable,  so  that,  by  slipping  it  upwards  or  downwards, 
the  zero  may  be  placed  at  tihe  point  to  which  the  column 
reaches  when  the  cup  is  at  rest ;  and  thus  the  instrument 
may  be  adjusted  to  the  jparticular  temperature  with  the  utmost 
facility,  and  with  sufficient  precision,  The  essential  parts  of 
the  tachometer  have  now  been  mentioned,  as  well  as  the 
method  of  adjustment^  but  certain  circumstances  remain  tQ 
t>c  stated. 
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The  fofm  of  the  cup  is  adapted  to  render  a  smaUer  quantity 
of  mercury  sufficient,  than  what  must  have  been  employed 
either  with  a  cylindrical  or  hemispherical  vessel.  In  every 
case  two  precautions  are  necessary  to  he  observed : — ^first, 
that  when  the  cup  is  revolving  with  its  greatest  velocity,  the 
mercury  m  the  middle  shall  not  sink  so  low  as  to  allow  any 
of  the  spirits  in  the  tube  to  escape  from  the  lower  orifice, 
and  that  the  mercury,  when  most  distant  from  the  axis,  shall 
not  be  thrown  out  of  the  cup.  Secondly,  that  when  the  cup 
is  at  rest,  the  mercury  shall  rise  so  high  above  the  lower  end 
of  the  tube,  that  it  may  support  a  column  of  spirits  of  the 
proper  length. 

Now  in  order  that  the  quantity  of  mercury,  consistent 
with  these  conditions,  may  be  reduced  to  its  nunimum,  it  is 
necessary — ^first,  that  if  M  M,  fig.  76,  is  the  level  of  the 
mercury  at  the  axis,  when  the  cup  is  revolving  with  the 
greatest  velocity,  the  upper  part  M  M  X  Y  of  the  cup  should 
be  of  such  a  form  as  to  have  the  sides  covered  only  with  a 
thin  film  of  the  fluid ;  and,  secondly,  that  for  the  purpose  of 
raising  the  small  quantity  of  mercury  to  the  level  L  L,  which 
may  support  a  proper  height  of  spirits  when  the  cup  is  at 
rest;  the  cavity  of  the  cup  should  be  in  a  great  measure 
occupied  by  the  block  K  K,  having  a  cylindrical  perforation 
in  the  middle  of  it  for  the  immersion  of  the  tube,  and 
leaving  sufficient  room  within  and  around  it  for  the  mercury 
to  move  freely  hoth  along  the  sides  of  the  tube  and  of  the 
vessel. 

The  block  K  K  is  preserved  in  its  proper  position  in  the 
cup  or  vessel  X  Y  Z,  by  means  of  three  narrow  projecting 
slips  or  ribs  placed  at  equal  distances  round  it,  and  is  kept 
fiom  rising  or  floating  upon  the  mercury  by  two  or  three 
small  iron  or  steel  pins  inserted  into  the  under  side  of  the 
cover,  near  the  aperture  through  which  the  tube  passes. 

It  would  be  extremely  difficult,  however,  nor  is  it  by  any 
means  import.ant,  to  give  to  the  cup  the  exact  form  which 
would  reduce  the  quantity  of  mercury  to  its  minimum ;  but 
we  shall  have  a  sufficient  approximation,  which  may  be  exe- 
cuted with  great  precision,  if  the  part  of  the  cup  above  M  M 
is  made  a  parabolic  nonoid,  the  vertex  of  the  generating  para^ 
bola  being  at  tiiat  point  of  the  axis  to  which  the  mercury 
sinks  at  its  lowest  depression,  and. the  dimensions  of  the 
parabola  being  determmed  in  the  following  manner.  Let 
^  G,  fig.  78,  represent  the  axis  of  the  cup,  and  V  the  point 
to  whidi  the  mercury  sinks  at  its  lowest  depression ;  at  any 
point  G  above  V,  draw  G  H  perpendicular  to  V  G  i  let «  be 
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the  Dumber  of  reroludiiDfl  wbich  the  bup  is  to  peifam  in 
V'  at  its  quickest  lootiofi ;  let  v  be  tine  number  of  inckts 
which  a  body  would  deacifte  unifiirmly  iu  V^,  with  the  veb- 
dty  acquired  in  falling  bom  reat^  through  a  heigtit  s  to 

G  V,  and  make  G  H  =  -s-tt — -    Then,  the  parabola  to  be 

determined  is  that  which  has  t;  for  its  vertex,  V  G  for  its 
axis,  and  G  H  for  its  ordinate  at  G.  The  cup  has  a  lid  to 
prevent  the  mercury  from  being  thrown  out  oif  it,  an  event 
which  would  take  place  with  a  very  moderate  vdodty  of 
rotation,  unless  the  sides  were  raised  to  an  inconvenient 
height ;  but  the  lid,  by  obstructing  the  elevation  at  the  sides 
of  tiie  cup,  will  diminish  the  depression  in  the  middle,  and 
consequendy  the  depression  of  spirits  in  the  tube :  on  this 
account  a  cavity  is  formed  in  the  block  immediately  above 
the  level  L  L,  where  Ae  mercury  stands  when  the  cup  is  at 
rest ;  and  tSins  a  receptacle  is  given  to  the  fluid,  which  would 
otherwise  disturb  the  centrifugal  force  and  impair  the  sensi- 
bility of  the  instrument. 

It  will  he  observed,  *hat  the  lower  orifice  of  the  tube  is 
turned  upwards.  By  this  means,  after  the  tube  has  been 
filled  with  spirits  by  suction,  and  its  upper  orifice  stopped 
with  the  finger,  it  may  easily  be  conveyed  to  the  cup  and 
immersed  in  the  quicksilver  without  any  danger  of  the  spirits 
escaping ;  a  circumstance  which  otherwise  it  would  be  ex^ 
tremely  difficult  to  prevent,  since  no  part  of  the  tube  can  be 
made  capillary,  consistently  with  that  free  passage  to  the 
fluids,  which  is  essentially  necessary  to  the  operation  of  the 
iostrumeiit. 

We  have  next  to  attend  to  the  method  of  putting  the 
tachometer  in  motion  whenever  we  wish  to  examine  the  velo- 
city of  the  machine.  The  pulley  F,  which  is  continuaQy 
whirling  during  the  motion  of  the  machine,  has  no  connec- 
^on  whatever  widi  the  cup,  so  long  as  the  lever  QR  is  left 
to  itself.  But  when  this  lever  is  raised,  the  hollow  cone  T, 
which  is  attached  to  the  pulley  and  whirls  along  with  it,  is 
also  raised,  and  embracing  a  solid  cone  on  the  spindle  of  the 
cup,  communicates  the  rotation  by  friction.  When  our  ob- 
servation is  made,  we  have  only  to  allow  the  lever  to  drop  by 
its  own  weight,  and  the  two  cones  will  be  disengaged,  and 
the  cup  remain  at  rest. 

The  lever  Q  R  is  connected  by  a  vertical  rod  to  another 
lever  S,  having,  at  the  extremity  S  a  valve,  which,  when  the 
}ever  Q  R  is  rused,  and  the  tachometer  is  in  motion,  is 
iifted  np  from  the  top  of  the  tube,  so  as  to  iidmit  the  external 
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air  upon  the  depregflion  of  the  spirits;  on  the  other  hand, 
-when  the  lever  Q  R  fidls,  and  the  cap  ii}  at  rest,  the  yalve 
at  S  closes  the  tube,  and  prerents  the  spirits  from  being 
waited  by  eyiqporatioa. 

b  is  hksthr  to  be  remarited,  that  botii  the  sensibOitjr  and 
the  range  of  the  instrument  may  be  infinitely  increased ;  for, 
on  the  one  hand,  by  enlarging  the  proportion  between  the 
diameters  of  the  wide  and  nairow  parts  of  the  tube,  we 
enJaiige  in  a  much  higher  projportion  the  extent  of  scale  cor- 
respmding  to  any  giveu  vanation  of  velocity ;  and  on  the 
other  hand,  by  deepemng  the  cop  so  as  to  a^it  when  it  is 
ait  rest  a  greater  height  of  mercury  above  the  lower  end  irf 
the  tube,  we  lengthen  the  column  of  spirits  which  the  mer- 
cury can  support,  and  consequently  enlarge  the  velocity^ 
which)  with  any  given  sensiUlity  of  the  instrument,  is  re- 
quisite to  depress  the  cqpirits  to  the  bottom  of  the  scide. 
Hence  the  tachometer  is  capable  of  being  employed  in  very 
delicate  philosophical  experiments,  more  especially  as  a 
scale  might  be  sailed  to  it,  indicating  equal  increments  of 
velocity.  JBut  in  the  present  account  it  is  merely  intended 
to  state  how  it  may  be  adapted  to  detect  in  machinery  every 
deriation  from  the  most  advantageous  movement. 

Gefieral  Observations. -^n  setting  out  the  geering  of  a 
null,  it  should  be  the  object  o(  the  engineer  to  place  the 
heaviest  machinery  nearest  the  moving  power,  as,  in  trans- 
mitting motion  to  a  great  distance,  not  onlv  the  wei^t  <^ 
shafting  is  to  be  taken  into  consideration,  but  the  mcAoa 
which  exists  in  all  the  different  bearings,  and  which  is 
greatly  increased  by  a  small  obstacle  placed  beyond  those 
bearings. 

Care  Ukewise  riiould  be  taken  to  make  as  few  bearings  as 
possible,  still  keying  in  view  that  the  shafts  must  not  be 
allowed  to  swag.  ,  Rdes  might  be  ^ven  for  the  distances  of 
the  beaiii^  of  the  shafting,  if  the  shafting  had  only  to  more 
itself,  but  having  to  carry  various  sized  pullies,  both  their 
weight  and  die  weight  of  the  machinery  they  turn  must  be 
Ukea  into  considoration,  which  compel  us  to  forego  the  at- 
tempt ;  it  is,  however,  necessary  to  state,  that  it  is  better  to 
have  a  bearing  too  many  than  to  allow  a  shaft  to  bend,  as  it 
camiot  then  run  true  in  its  steps  or  journals. 

In  fDrming  couplings,  great  care  should  be  taken  to  make 
tliem  fit,  so  that  the  coiqded  shaft  may  move  as  though  of 
the  same  piece  widi  the  driving  shaft  :  nor  can  simplicity  be 
too  strotagly  recommended,  that  the  coupled  shaft  may,  in 
of  an  accident,  be  instantaneously  disengaged,  for  the 
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loss  of  time  arising  from  any  accident  is  of  serious  im- 
portance to  the  manufacturer.  Couplings  should  be  placed 
near  the  bearings,  as  there  is  there  the  least  swag,  and  the 
shaft  is  of  course  the  weakest  at  the  couplings.  The  same 
observation  is  applicable  to  the  disposing  of  wheels  and 
pullies* 

Pullies  have  been  sometimes  formed  in  two  halves  for 
putting  upon  the  shaft  without  taking  the  shaft  down,  but 
their  adoption  is  by  no  means  general,  as  there  is  some 
difficulty  in  fixing  them  true  whilst  the  sluift  is  in  its  place. 

Straps  to  drive  geering  should  be  avoided  whenever  wheels 
can  be  substituted,  as  they  are  very  liable  to  stretch  and 
break,  and  do  not  transmit  regular  motion.  In  fixing  the 
wheels  and  pullies  upon  a  shaft,  which  is  mostly  done  by 
driving  wedges  in  the  bush  of  the  wheel  or  pulley,  called 
9taMng  them  on,  great  pains  should  be  taken  to  have  them 
true,  which  can  only  be  done  by  driving  the  wedges  regu- 
larly on  each  side  to  tlie  same  degree  of  tightness.  It  most 
generally  happens  when  one  wedge  is  over-driven,  the  work- 
men, rather  than  take  the  trouble  to  alter  it,  will  let  it  re- 
main ;  but  this  is  of  more  importance  than  is  generally 
imagbed,  for  if  a  wheel  is  not  true,  it  cannot  work  in  the 
pitch  line,  all  round,  and  where  it  is  out  it  will  shake,  or  have, 
what  is  called,  back-ldsh^  which,  happening  always  in  the 
same  place,  will  wear  the  wheels  irregularly.  If  a  pulley  is 
not  true,  it  will  communicate  irregular  motion  by  its  strap, 
and  likewise  cause  an  irregular  stress  upon  the  shaft  on  which 
it  works,  much  to  the  detriment  of  the  bearing. 

Chains  have  been  beneficially  introduced  as  substitutes 
for  straps  in  driving  heavy  geer. 

Shafts  should  be  circular,  as  they  are  less  likely  to  catch 
any  thing,  and  have  a  much  neater  appearance.  The  same 
may  be  said  of  couplings.  The  wheels  of  the  geering 
should  be  always  enclosed  in  a  casing  of  wood,  called  boxing 
offy  to  prevent  any  thing  falling  in  between  them,  or  accidents 
qccumng  to  the  people  who  may  be  working  near  them,  llie 
wheels  should  be  furnished  with  brushes  resting  upon  their 
faces,  to  distribute  the  grease  equally  and  to  keep  it  between 
the  teeth  s  and  on  starting  a  new  pair  of  wheels,  a  little 
emery  may  be  put  on  with  the  grease,  to  bring  them  to  a 
smooth  face. 

The  following  general  observations  on  the  construction 
of  Machines,  and  on  the  regulating  of  their  motions,  appear 
to  be  highly  worthy  of  the  Mill-wright's  attention ;  we 
have,  therefore,  extracted  then^   fronj  Dr.  Robison's  articlQ 
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on  Machinery^  inserted  in  the  Supplement  to  the  Encydo 
p€Bdia  Britannica. 

When  heavy  stampers  are  to  be  raised^  in  order  to 
drop  on  the  matters  to  be  pounded^  the  wipers  by  which 
they  are  lifted  should  be  made  of  such  a  form,  that  the 
stamper  may  be  used  by  a  uniform  pressure,  or  with  a 
motion  almost  perfectly  uniform.  If  this  is  not  attended 
to,  and  the  wiper  is  only  a  pin  sticking  out  from  the  axis, 
the  stamper  is  forced  into  motion  at  once.  This  occasions 
violent  jolts  to  the  machines,  and  great  strains  on  its  moving 
parts  and  their  points  of  support ;  whereas,  when  they  are 
gradually  lifted,  the  inequality  of  desultory  motion  is  never 
felt  at  the  impeUed  point  of  the  machine.  We  have  seen 
pistons  moved  by  means  of  a  double  rack  on  the  piston 
rod.  A  half  wheel  takes  hold  of  one  rack,  and  raises  it  to 
the  required  height.  The  moment  the  half  wheel  has  quit- 
ted that  dde  of  the  rack,  it  lays  hold  of  the  other  side,  and 
forces  the  piston  down  again.  This  is  proposed  as  a  great 
improvement;  connecting  the  unequable  motion  of  the 
piston  moved  in  the  common  way  by  a  crank.  But  it  is  far 
mferior  to  the  crank  motion.  It  occasions  such  abrupt 
changes  of  motion^  that  the  machine  is  shaken  by  jolts. 
Indeed,  if  the  movement  were  actually  executed,  the  machine 
would  be  shaken  to  pieces,  if  the  parts  did  not  give  way  by 
bending  and  yielding.  Accordingly,  we  have  always  observed 
that  this  motion  soon  failed,  and  was  changed  for  one  that 
was  more  smooth.  A  judicious  en^neer  wUl  avoid  all  such 
sudden  changes  of  motion,  especially  in  any  ponderous  part 
of  a  machine. 

When  several  stampers,  pistons,  or  other  reciprocal 
movers,  are  to  be  raised  and  depressed,  common  sense  teaches 
us  to  distribute  their  times  of  action  in  a  uniform  manner,  so 
that  the  machine  may  always  be  equally  loaded  with  work. 
When  this  is  done,  and  the  observations  in  the  preceding 
paragraph  attended  to,  the  machine  may  be  made  to  move 
almost  as  smoothly  as  if  there  were  no  reciprocations  in  it. 
Nothing  shows  the  ingenuity  more  than  the  artful  yet  simple 
and  effectual  contrivances  for  obviating  those  difficulties 
that  unavoidably  arise  irom  the  very  nature  of  the  work 
that  must  be  performed  by  the  machme,  and  of  the  power 
employed. 

There  is  also  great  room  for  ingenuity  and  good  choice 
in  the  management  of  the  moving  power,  when  it  is  such  as 
csinnot  immediately  produce  the  kind  of  motion  required  for 
eilectiug  tlie  purpose.     We  mentioned  the  conversion  of  the 
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continued  rotation  of  an  axis  into  the  reciprocating  motion 
of  a  piston^  and  the  improvement  which  was  thought  to  have 
been  made  on  the  common  and  obvious  contrivance  of  a 
crank,  by  substituting  a  double  rack  on  the  piston-rod,  and 
the  inconvenience  arising  from  the  jolts  occasioned  by  thi& 
change.  We  have  seen  a  great  forge,  where  the  engineer, 
in  order  to  avoid  the  same  inconvenience  arising  from  the 
abrupt  motion  given  to  the  great  sledge  hanmier  of  seven 
hundred  weight,  resisting  with  a  five-fold  momentum,  formed 
the  wipers  into  spirals,  which  conununicated  motion  to  the 
hammer  almost  without  any  jolt  whatever;  but  the  result 
was,  that  the  hammer  rose  no  higher  than  it  had  been  raised 
in  contact  with  the  wiper,  and  tiien  fell  on  the  iron  bloom 
with  very  little  effect.  The  cause  of  its  inefficiency  was  not 
guessed  at;  but  it  was  removed,  and  wipers  of  the  common  form 
were  put  in  place  of  the  spirals.  In  this  operation,  the  rapid 
motion  of  the  hammer  is  absolutely  necessary.  It  is  not 
enough  to  lift  it  up ;  it  must  be  tossed  up,  so  as  to  fly  higher 
than  the  wiper  lifts  it,  and  to  strike  with  great  force  the  strong 
oaken  spring  which  is  placed  in  its  way.  It  compresses  thiir 
spring,  and  is  reflected  by  it  with  a  considerable  velocity,  so 
as  to  hit  the  iron  as  if  it  had  fidlen  from  a  great  height. 
Had  it  been  allowed  to  fly  to  that  height,  it  would  ImTC 
fallen  upon  the  iron  with  somewhat  more  force,  (because  no 
oaken  spring  is  perfectly  elastic,)  but  this  would  have  re- 
quired more  than  twice  the  time. 

In  employing  a  power  which  of  necessity  reciprocates,  to 
drive  machinery  which  requires  a  continuous  motion  (as  in 
applying  the  steam-engine  to  a  cotton  or  grist  mill,)  there 
also  occur  great  difficulties.  The  necessity  of  reciprocation 
in  the  first  mover  wastes  much  power ;  because  the  instru- 
ment which  communicates  such  an  enormous  force  must  be 
extremely  strong,  and  be  well  supported.  The  impelling 
power  is  wasted  in  imparting,  and  afterwards  destroying,  a 
vast  quantity  of  motion  in  the  working  beam.  The  skilful 
engineer  will  attend  to  this,  and  do  his  utmost  to  procure  the 
necessary  strength  of  this  first  mover,  without  making  it  a 
vast  load  of  inert  matter.  He  will  also  remark,  that  dl  the 
strains  on  it,  and  on  its  supports,  are  changing  their  direc- 
tions in  every  stroke.  This  requires  particular  attention  to 
the  manner  of  supporting  it.  If  we  observe  the  steam- 
engines  which  have  been  long  erected,  we  see  that  they  have 
uniformly  shaken  the  building  to  pieces.  This  has  been 
owing  to  the  ignorance  or  inattention  of  the  engineer  in  this 
particular.    They  are  much  more  judiciously  erected  norWy 
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eitp^fktic^  bftTitig  taught  the  most  ignor&nl  that  no  boflding 
cafl  \dtiistaiid  their  desuItory^  and  opposite  jolts,  and  that 
the  greaft  moTements  must  be  supported  by  a  frame-woric 
indepeiident  of  the  btiUding  of  masonry  which  contains  it.* 

The  engineer  trill  also  remark,  that  when  a  single-stroke 
steam-engine  is  made  to  turn  a  mill,  all  the  communications 
of  motion  change  the  direction  of  their  pressure  twice  every 
stroke.  During  the  working  stroke  of  the  beam,  one  side  of 
the  teeth  of  the  intervening  wheels  is  pressing  the  machinery 
forward;  but  during  the  returning  stroke,  the  machinery, 
already  in  motion^  is  dr^ging  the  beam,  and  the  wheels  are 
acting  with  the  other  sSe  of  the  teeth.  Tliis  occasions  a 
rattling  at  every  change,  and  makes  it  proper  to  fashion 
both  sides  of  the  teeth  with  the  same  care. 

It  win  frequently  conduce  to  the  good  performance  of  an 
engine,  to  make  the  action  of  the  resisting  work  unequable, 
accommodated  to  the  inequalities  of  the  impelling  power. 
This  win  produce  a  more  uniform  motion  in  machines  in 
Which  the  momentum  of  inertia  is  inconsiderable.  There 
are  some  beautiful  specimens  of  this  kind  of  adjustment  in 
the  mechanism  of  animal  bodies. 

It  is  very  customary  to  add  what  is  called  a  Jfy  to  ma- 
chines. This  is  a  heavy  disk  or  hoop,  or  other  mass  of 
matter  baUmced  on  its  ajris^  and  so  connected  with  the 
machinery  as  to  turn  briskly  round  with  it.  This  may  be 
done  with  the  view  of  rendering  the  motion  ot  the  whole 
more  regular,  notwithstan£ng  unavoidable  inequafities  of  the 
accelerating  forces,  or  of  the  resistances  occasioned  by  the 
work.  It  becomes  a  regulator.  Suppose  the  resistance  ex- 
tremely unequal,  and  the  impelling  power  perfectly  constant; 
as  when  a  bucket-wheel  is  employed  to  one  pump.  When 
the  piston  has  ended  its  woiking  stroke,  and  while  it  is  going 
down  the  barrel,  the  power  of  the  wheel  being  scarcely  op  - 
posed,  it  accelerates  the  whole  machine,  and  the  piston 
arrives  at  the  bottom  of  the  barrel  with  a  considerable  velo- 
city. But  in  the  rising  again,  the  wheel  is  opposed  by  the 
column  of  water  now  pressing  on  the  piston.  This  imme- 
diately retards  the  wheel ;  and  when  the  piston  has  reached 

*  The  gudgeons  of  a  water-wheel  should  never  rest  on  the  wall  of  the  . 
building.  It  shakes  it;  aud  if  set  up  soon  after  the  building  has  been 
erected,  it  prevents  the  mortar  from  tsiing  firm  bond ;  perhaps  by  shatter- 
ing the  calcareous  crystals  as  they  form.  When  the  engineer  is  obliged  to  rest 
the  gudgeons  in  this  way,  they  should  be  supported  by  a  block  of  oak  laid  a 
little  hoUow.  This  softens  all  tremors,  like  springs  of  a  wheel  carriage. 
This  practice  would  be  very  serviceable  in  many  other  parts  of  the  con- 
btruction. 
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the  top  of  the  barrel^  aU  the  acceleration  is  undone,  and  is  to 
begin  again.  The  motion  of  such  a  machine  is  very  hob- 
bling :  but  the  superplus  of  accelerating  force  at  the  begin- 
ning of  a  returning  stroke  will  not  make  such  a  change  in 
the  motion  of  the  machine  if  we  connect  the  fly  with  it.  For 
the  accelerating  momentum  is  a  determinate  quantity.  There- 
fore, if  the  radius  of  the  fly  be  great,  tliis  momentum  will  be 
attained  by  communicating  a  small  angular  motion  to  the  ma- 
chine. 

The  momentum  of  the  fly  is  as  the  square  of  its  radius  ; 
therefore  it  resists  acceleration  in  this  proportion;  and 
although  the  overplus  of  power  generates  the  same  momen- 
tum of  rotation  in  the  whole  machine  as  before,  it  makes  but 
a  small  addition  to  its  velocity.  If  the  diameter  of  the  fly 
be  doubled,  the  augmentation  of  rotation  will  be  reduced  to 
one-fourth.  Thus,  by  giving  rapid  motion  to  a  small  quan- 
tity of  matter,  the  great  acceleration  during  the  returning 
stroke  of  the  piston  is  prevented.  This  acceleration  conti- 
nues, however,  during  the  whole  of  the  returning  stroke,  and 
at  the  end  of  it  the  machine  has  acquired  its  greatest  velo- 
city. Now  the  working  stroke  begins,  and  the  overplus  of 
power  is  at  an  end.  The  machine  accelerates  no  more ;  but 
if  the  power  is  just  in  equilibrio  with  the  resistance,  it  keeps 
the  velocity  which  it  has  acquired,  and  is  still  more  accele- 
rated during  the  next  returning  stroke.  But  now,  at  the  be- 
ginning of  the  subsequent  working  stroke,  there  is  an  over 
Slus  of  resistance,  and  a  retardation  be^ns,  and  continues 
uring  the  whole  rise  of  the  piston ;  but  it  is  inconsiderable 
in  comparison  of  what  it  would  have  been  without  the  fly  ; 
for  the  fly,  retaining  its  acquired  momentum,  drags  forward 
the  rest  of  the  machine,  aiding  the  impelling  power  of  the 
.wheel.  It  does  this  by  all  the  communications  taking  mto  each 
other  in  the  opposite  direction.  The  teeth  of  the  interven- 
ing wheels  are  heard  to  drop  from  their  former  contact  on 
one  side,  to  a  contact  on  the  other.  By  considering  this  pro- 
cess with  attention,  we  easily  perceive  that,  in  a  few  strokes^ 
the  overplus  of  power  during  the  returning  stroke  comes  to 
be  so  adjusted  to  the  deficiency  during  the  working  stroke^ 
that  the  accelerations  and  retardations  exactly  destroy  each 
other,  and  every  succeeding  stroke  is  made  with  the  same 
velocity,  and  an  equal  number  of  strokes  is  made  in  every 
succeeding  minute.  Thus  the  machine  acquires  a  generid 
uniformity  with  periodical  inequalities.  It  is  plain,  that  by  suf- 
ficiently enlarging  either  the  diameter  or  the  weight  of  the  fly, 
the  irregularity  of  the  motion  may  be  rendered  as  small  as  we 
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pleftse^  It  is  much  better  to  enlarge  tKe  diameler.  Thi^ 
preserves  the  firiction  more  moderate^  and  the  pirol  wears 
less.  For  these  reasons  a  fly  is  in  general  a  considerable  im- 
prorement  in  machsiery,  by  equalizing  many  exertions  that 
are  naturally  very  irregular.  Thus^  a  man  vrorking  at  a  oom^ 
mon  windlass  exerta  a  very  irregular  pressure  on  the  windi^ 
In  one  cf  bis  positions^  in  each  turn  he  can  exert  a  force  of 
near  70  lbs.  without  fetigue^  but  in  another  he  cannot  exert 
alioTe  25  lbs  3  nor  must  he  be  loaded  with  much  above  thia 
in  general.  But  if  a  lai^  fly  be  connected  properly  with 
the  wRidlass^  he  will  act  with  equal  ease  and  speed  against 

TUs  itgulatii^  power  of  the  fly  is  without  bounds,  and 
may  be  used  to  render  uniform  a  motion  produced  by  the 
moat  desultory  and  irregular  power.  It  is  thus  that  the  most 
regidar  motion  is  given  to  mills  that  are  driven  by  a>  single^ 
sbroike  steam-engine,  where,  for  two,  or  even  three  seconds^ 
there  is  no  force  pressing  round  the  mill.  The  eommunka^ 
tloQ  is  made  through  a  massive  fly  of  very  great  dmmeter, 
whiritng^witb  great  rapidity.  As  soon  as  the  impulse  ceases, 
the  fly,  continuing  its  motion,  urges  round  the  whole  ma- 
chineiy  with  almost  unabated  speed.  At  this  instant  all  the 
teeth,  aad  all  the  joiutsy  between  the  fly  and  the  first  nwver, 
are  heard  to  catch  in  the  oppomte  direction. 

If  any  permanent  change  should  hi^pen  in  the  inoqpdling 
power,  or  Ib  the  resistance,  the  fly  make»  no  obstacle  to  its 
prodnciag  its  full  efiecton  the  machine;  and  it  will  be  observed 
to  accelerate  or  i^etard  uniformly,  till  a  new  general  speed  is 
acquired  exactly  corresponding  with  this  new  power  and 
resistance^ 

Many  niarhrnes  include,  in  their  eonstructioD^  movements 
which  are  eqvdvalent  with  this  intentional  regulator.  A 
floor  mill,  for  aexample,  cannot  be  better  regulated  than  by 
its  ndlt-stoiie ;  but  m  the  Albion  Mills,  a  hefM7  fly  was  added 
with  great  propriety ;  for  if  the  mills  had  been  regulated  by 
their  mill-stones  omy,  then,  at  every  change  of  stroke  i»  the 
steam-engine,  tihe  whole  train  of  communications  between 
the  beam,  which  is  the  first  mover,  and  the  regulating  mitt' 
stone,  whidi  is  the  very  last  mover,  would  take  in  the  i^po- 
site  Section.  Although  each  drop  in  the  teeth  and  joints 
be  but  a  trifle^  the  whofe,  added  together^  would  make  a  cpu«* 
siderable  jolt.  Iliis  ia  avoided  by  a  regulator  immediately 
adjoimngthe  heam.  TUs  coutkiually  presses  the  working 
machinery  in  oqte  direction.  So  judM^ously  were  the  move** 
ments  of  that  n^bk  macbioe  contrived^  an4  so  nicely  were 
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tllejr  e3i;jQetttad»  that  not  the  leaist  noUie  was  hevd^  nor  the 
slightest  tremor  felt  in  th«  building* 

Mr*  Vfttque's  boHtttifid  pile  eugin^,  employed  at  Westuiin- 
«ter  bridge,  is  another  remarkable  instance  of  th/e  regubting 
power  of  a  fly«    Wben.the  ra<n  U  dropjped,  and  its  follower 
diaengaged  imioediately  after  it,  the  borae»  would  ioatantly 
tumble  down,  because  the  load»  againat  which  they  had  beeu 
alrainiog  hard>  is  at  onoe  t^ea  off;  but  the  gb  is.  conneeted 
with  a  vcary.  large  Hy,  which  checka  any  reiinurkable  accelera^ 
tiou,  aUowing'  the  borae^  to  lean  on  it  during  the  deacent  o£ 
tfae  load ;  after  which  ^ir  draught  recommences  immedi- 
ately.   The  spindles,  cards,  and  bobbins,  of  a  cotton  miU^. 
ve  also  a  aort  of  fllea.    Indeed,  all  bulky  machines  of  the 
nafcativa  kind  tend  to  preserve  their  motion  with  some  degcee* 
(tf  ateadfaittis,  md  their  great  momentum  of  inertia  ia  as  nacn. 
fttl  in  fchia  reelect  as  it  is  prejudicial  to  the  accclemtion  or 
i^y  reciprcMation  when  wanted.    Theie  ia  another  kind  ak 
regulating   fly>  consisting  of  wings  whirled  briskly  loiind^. 
tjUthe  resistance-  of  the  air  prevents  any  |^reat  acceleratioo.- 
Thia  ia  a  very  had  one  for  a  working  machme,  for  it  prsdncea 
its  effect  by  reaify  tvasiiug.  a  part  of  the  moving   powenr. 
Frequently  it  employs  a  very  great  and  unknown  part  of  \\y 
and  robs  the  propatietorof  much  work^    It  should  nerec  be 
introduced  into  any  machine  employed  ia-  manufactniea. 

Som/s  rare  caaea  occur  where  a  very  different  regulator  is 
nequised :  where  a  certain  determined  velocity  ia  found  ne- 
eessary.  In  this  case  the  machine  is  furnished,  aft  its  ex*-, 
treme  mover,  with  a  conical  pendulum,  consisttng  of  imor 
heavy  hidU^  hanging  by  rods,  which  move  in  very  alee  B^suk 
steaay  joints  at  the  top  of  a  vertical  axis.  It  is  well  known^ 
llMUt  when  this  axia  tums  round,  with  ah  angular  vekidty 
suited  to  the  length  of  those  ja^nduliuna,  the  tuqjio  of  a  revolu-* 
tioQ  is  determined.  Thns,  it  the  length  of  each  pendulum  be 
3ft}.  iBxAes,  the  axis  wjU  make  a  re^ution  in  two  flenondw 
i6ery  nearly.  If  we  attenmib  to  force  it  more  swiftly  round,  the 
balla  will  recede  a  little  mm  the  axis,  but  it  empk>ys  as  long 
time  ftir  a  reiNihiiion  aa  he&re  ;  and  we  oannot  maif  e  it  turn 
swifter,  mdesa  the  inq^^p^  power  be  increased  beyond  all 
poobabitity^  in  which  caso  &  pendnhnn  will  fiy  out  from  the 
eentre  tilL  the  coda  are  horiaonAal,  a^er  which  every  increaae 
of  poirer  will  acoeleraie  the  machine  very  sensibly^  Watt 
and  Bbniton  have  applied  thia  oontrivanee  with  great  inge* 
waSis^  ta  Idieir  steai^-engiDea,  when  they  a»e  employed  for 
drinring  machinery  &r  muuifaetures  which  ba;ve  a  very  chang^e^ 
able  reaifitanee,  and  where  a  certain  speed  cannot  be  nAudi 
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iepdited  fmn  witfacnii  great  iiM5o&Temcne«.  They  have  eon^ 
uedtA  Ais  recess  of  the  balb  from  the  axis  (whieh  gives  im- 
mediate  indicaftioii  of  an  increase  of  power  or  a  i^intitioii 
of  reriafcance)  with  the  eock  which  admits  the  steam  to  the 


wofUng  cvfinder.  The  Indls^  %ing  out^  cauae  the  eock  t4 
olose  a  little,  and  dindnisli  the  supply  of  steam.  The)  impels 
hag  power  ^Siumshes  the  next  moment,  and  the  balb  again 
approach  the  axis,  and  the  rotation  goes  on  as  before^ 
ahiiough  there  may  hare  occnrred  a  very  great  excess  or 
deficiency  of  powet. 

A  fly  is  sometimes  employed  for  a  very  different  purposs 
from  that  of  a  regulator  of  motion — it  is  employed  as  a  col" 
Ucior  of  p&wer.    Suppose  all  resistance  removed  from  the 
working  jpoint  of  a  machine  furnished  with  a  very  large  or 
heavy  fly  immediately  Connected  with  the  workiiig  pointr 
When  a  small  force  is  applied  to  the  impelled  point  oi  this 
luacbine,  motion  will  begin  in  the  machine  and  the  fly  begin 
to  turn.     Continue  to  press,  uniformly,  and  the  machine  will 
accelerate.   This  may  be  continued  till  the  fly  has  acquired  a 
very  tapid  motion,     it  at  this  moment  a  resisting  body  be 
applied  to  the  working  pohit,  it  will  be  acted  on  with  very 
great  force ;  for  the  fly  has  now  accumulated  m  its  circum- 
ference a  very  great  momentum.    If  a  body  wefre  exposed 
immedfaitely  to  ^e  action  of  this  circumference^  it  would  be 
violeiitly  struck.    Much  more  will  it  be  so,  if  the  body  be 
exposed  to  the  action  of  the  working  point,  which,  perliaps, 
makes  one  turn  while  tlie  fly  makes  a  hundred. .  It  will  exert 
a  hundred  times  vaote  force  there  (very  nearly)  than  at  its 
awn  circuodference.    All  the  motion  which  has  been  accu>^ 
mnlated  on  the  fly  during  the  whole  progress  of  its  accumu«> 
latioo^  is  exerted  m  an  instant  at  the  working  pointy  multiplied 
Vy  the  momenimn  depsadiag  On  the  ptoportion  of  the  parts 
of  the  mschise*    It  is  thus  that  the  coming  preu  performs 
its  office;  nay,  it  is  thus  that  the  blacksmith  forges  a  bar  of 
irosi«    Swii^ng  the  great  sledge  hammer  round  his  head, 
and  urging  it  with  force  the  whole  wdy,  this  accumulated 
■Dstifm  is  at  onee  extinguished  by  impact  on  the  iron.    It 
is  thus  also  we  drive  a  n^,  &c.    This  accumulating  power 
of  a  fly  has  occasioned  many  to  imagine  that  a  fly  really 
adds  powet  or  meehanic&l  force  ttf  an  engine;  and,  not  under- . 
standing  on  what  its  efficacy  depends,  tiiey  often  place  the 
fly  in  a  sitsation  where  it  only  adds  a  useless  burden  to  the 
mBchiae.    h  sbotdd  always  be  made  to  move  with  rapidity.' 
If  iaiendei  for  a  mere  regulator,  it  should  be  near  the  fiist; 
tnorer;   and  if   it  be  intended  to  scoumnlate  foree  in  th^. 
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working  pointy  it  should  not  be  far  separated  from  it«  In  » 
certain  aenae,  a  fly  may  be  said  to  add  power  to  a  macyne^ 
bemuse  by  accumulating  into  the  exertion  of  one  moment  the 
exertions  o(  many,  we  can  sometimes  OFezcome  an  obstacle 
Ihi^t  we  never  could  have  balanced  by  the  same  machine;, 
unaided  by  the  fly.  And  it  is  this  accumulation  of  farce 
whTch  gives  such  an  i^ipeacanoe  of  power  to  some  of  our 
fint  movers. 


ANIMAL  STRENGTH. 

'  ANIMAL  STRENGTH  has  been  very  differently  estimated  by 
different  authors  ;  but  this  is  not  to  be  wondered  at  when  we 
consider  the  many  difficulties  that  ever  must  attend  any 
attempt  to  subject  it  to  an  estimate.  Physical  causes  must 
sensibly  affect  the  extent  and  duration  of  animal  exertion^ 
either  in  masi  or  beast ;  and  the  only  way  of  coming  to  any 
thing  like  an  accurate  result,  is  to  compare  the  experiments 
of  the  different  philosophers  who  have  attended  to  the  sub- 
ject. This  has  been  afready  done  by  Dr.  Young,  hi  the 
second  volume  of  his  Philosophy,  whose  valuable  tables  we 
here  present  to  our  readers. 

Comparative  table  of  mechanical  /orcein 
In  order  to  compare  the  different  estimates  of  the  force  of 
moving  powers,  it  will  be  convenient  to  take  a  unit  which 
maj  be  considered  as  the  mean  effect  of  the  labour  of  ait 
active  man,  working  to  the  greatest  possible  advantage,  and 
without  impediment.  This  will  be  found,  on  a  moderate 
estimation  sufficient  to  raise  10  pounds,  10  feet  in  a  second^ 
lor  ten  hours  in  a  day ;  or  to  raise  a  100  pounds,  which  irthe 
weight  of  twelve  wine  gallons  of  water,  one  foot  in  a  second, 
or  36,000  feet  in  a  day  ^  or  3,600,000  pounds,  or  4S2flOO 
gallons,  one  foot  in  a  day.  This  we  may  call  a  force  ^  one 
continued  36,000^ 

Immediate  force  of  men,  unthout  deduction  for  friction^ 


A  Hum,  weigliiDc  133  pounds,-  Fr.  Mc«nded  62  feet,  Fr. 
"hf  steps,  in  34",  but  was  completely  cxhacusted. — 
Amontons » •. 

A  sawyer  made  200  strokes  of  19  inclMs,  Fr*  each,  U 
145",  with  a  force  of  25  ponnds,  Fr.  He  could  not  hare 
gone  on  abore  three  minutes.-— Amontons. 

A  man  can  raise  60  pounds,  Fr.  one  foot,  Fr.  in  1",  for 

eight  boars  a dAy.«-*Bemouill»  »•  .^. 

'  A  man  of  ordinary  ftrensth  c^  torn  a  wwch  with  a 
foiwof  80  ponnds,  and  with  a  velocity  of  ^  feet  in  l", 
l«r  iO  .boats  %j4ay.-^lln«galicn 
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145 

69 

8^ 
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T«»  wm  vortingjAAwiiifUaM  with  handlM  at  right 
mi^,  can  niac  70  powids  more  Cfsily  than  one  can 
xaae  30.r- Detagufien 

A  man  can  exert  n  force  of  40  yonnda  for  a  whole  daj, 
vilh  the  aaihraiiTf  iif  s  fly,  when  the  noUon  is  pret^r  quick, 
at  afaonft  Ibv  er  fiwe  leet  in  1''.— Deaagnlien,  Lect  it. 
Bat  from  the  aanotadon  it  appears  to  be  donbtfol  whether 
the  force1s4dpoimdBor  20^  

For  a  short  time  a  man  may  exort  a  foice  of  80  pomida 
with  M  fly,  «*  when  the  motion  is  pretty  quick."— Desa 
gnlieiB    

A  man  going  up  stain  ascendB  14  metres  in  l'«— Con* 


A  man  going  up  stairs  for  nday  rabes  205  ehiliogrammes 
to  the  height  of  n  cliifiometre^ — Coulomb 

Wth  a  spade  a  man  does  i%  as  much  as  in  ascending 
elBira^— <}onlomb  ••••••••••.*••••  ••••••••*! 

'WMh  a  winch  a  man  doca  f  as  mnch  as  in 


A  man  carrying  wood  op  stnrs  raises,  togetlier  with 
pwn  wm#U,  109  ddUograaunes  to  one  cliuiometre^— 


can  aseend  by  stairs 


hia  ownwm^t, 
Covloinib*  •  •  •  • « 

A  mna  weighing  150  ponads,  Fr. 
thrve  feet.  F^.  in  I''  for  l^^'or  20".-Coalomb 

For  half  an  hour,  100  poonds,  Fr.  may  be  raised  one 

foot,  n*.  in  K.— CoBlorah 

Aoeording  to  Mr.  Bnrhanan's  compariaon,  the  force 
exerted  in  taming  a  winch  being  made  equal  to  the  unit, 
the  force  in  pnmpiiig  will  be 

Inrin||lQg  

In  rowing   ..• ..•< 

Allowing  the  aceoracy  of  Enler's  formnla,  oon^rmed  by 
Seholae,  snpposing  a  man's  action  to  be  a  maximum  when 
he  walks  3§  miles  an  hour,  we  have  7i  for  his  greatest 
velocity,  ,04(7§~«)^  for  die  force  exerted  with  any  other 
refocifty,  and  ,0100(71— v)*  for  the  action  in  each  case ; 
thus,  wlwn  the  Tdodty  is  one  mile  an  hoar,  the  action  is 

When  two  miles. • 

When  three 

Whewfoor • 

And  when  five   ••••• 

And  the  fiirce  in  a  state  of  rest  becomes  2^,  or  about 
70  pounds ;  with  a  velocity  of  two  niiles^  36  pounds ;  !wlth 
three,  24 pounds;  and  with  four^  15, 

It  18  obvious  that  in  the  extreme  cases  this  formula  is  in- 
accttrate,  bat  for  moderate  velocities  it  is  probably  a  tolerable 
appcozimation. 

Coulomb  makes  the  maximum  of  effect  when  a  man, 
weigUng  70  ehiliogrammes,  carries  a  weight  of  53  up  stairs, 
but  dtis  a^^ears  to  be  too  great  a  load;  he  coDsidiers  145 
ehiliogrammes  as  the  greatest  weight  tiiat  can  be  raised. 
He  observes  that  in  Martinique,  where  the  thermometer  is 
seldom  below  ^,  the  labour  of  JPSuropeans  is  redooed  to  one 
half. 
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Harriot  afiserts  that  his  pump^  with  a  hon/jonial  motioDy 
icnables  a  man  to  do  one-third  naoie  work  than  the  oonunoQ 
pump  with  a  vertical  motion. 

Porters  carry  from  200  to  300  pounds  at  the  rate  of  three 
miles  an  hour }  chairmen  walk  four  miles  an  hour  with  a  load 
of  150  pounds  each;  and  it  is  said  that  in  Turkey  there  are 
porters '  who^  by  stooping  forward^  pairy  from  /OO  to  900 
pounds  jplaced  very  low  on  their  baeks. 

The  most  advantageous  weight  for  a  man  of  common 
strength  to  carry  horizontally,  is  1 U  pounds  ]  or  If  he  returns 
unladen,  135.  With  wheel-barrows,  naen  will  do  bslf  aa 
much  mi^re  work  as  with  hods. — Coulomb. 


Per/ormofice  of  men  by  machines. 


A  mu  raised  I17  a  rope  and  pulley  35  pounds,  Fr.  920 
ibct,  Fr.ln  U5''.—AmoDton8 

A  man  can  raise,  by  a  good  common  ptmip»  a  hogshead 
4>f  water  10  feet  high  in  a  minnte,  ftir  a  whole  day.^ 
Peaagnliers* i , . . 

By  the  mercurial  pump,  or  any  other  good  pump,  a  1 

laay  raise  a  hogshead  IS  or  20  feet  in  a  minute,  for  one 
0r  two  minutes , 

In  a  nile  engine,  55^  pounds,  Fr.  weie  raised  one  foot, 
Fr.  in  1'  for  five  hours  a  day,  by  a  rope  drawn  horiaon- 
tally. — Coulomb     ,. ,, , 

Robison  says,  that  a  feeble  old  man  raised  seven  cubic 
feet  of  water,  1 H  feet  in  1',  for  eight  or  ten  houra  a  day, 
by  walking  backwards  and  forwards  on  a  leTcr.— .fiMc.  Br. 

A  young  man  weighing  135  pounds,  and  carrying  30, 
raised  9i  cubic  feet,  11^  feet  Ugh,  for  10  houn  a  day, 
without  fatigue.— Robison    

Wvnner's  machine  enables  a  man  to  raise  a  hMshead  SO 
feet  in  a  minute.— Y. ...., 


Force  of  horses. 

Two  horaes,  attached  to  a  plough  on  modenta  gfoond, 
cserted  each  a  force  of  150,  Fr.— Amontons.  We  may 
suppose  that  they  want  a  little  more  than  two  miles  an 
hour,  for  eight  hours 

A  horse  t&aws  with  the  greatest  advantage' wben'thVlitte 
of  direction  is  level  with  his  btoast ;  and  he  can  draw  with 
a  force  of  200  pounds,  2}  miles  an  hour,  for  eight  hours 
m  the  day °^  ^ 

A^^^  u  ^^^  ®^  ^^®  ^^  •"  honn, '  On  a  CMTi^^  *iil 
deed,  where  friction  alone  is  to  be  overcome,  a  middlinff 
horse  will  draw  1000  pounds.— Desaguliers    ...... 

Tlie  mean  draught  of  four  horses  was  36  myri'ofrranimea 
each,  or  794  pounds.— Regaiet.  TWa  must  hire  been  t»o. 
ment^ry.  Supposing  the  velocity  two  feet  in  a  second,  the 
action  would  have  been 

By  means  of  purape  a  horse  ca»  raise  250  hogsheada  of 
water,  10  feet  high,  in  an  hour.— Smeaton's  Reports    .. 
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Klriffie  cm  ingenend  dnw  no  knetfe  up  a  nHftcf  iiiU  tbao 
HiMft  nen  ean  cany;  that  is^  from  460  to  7^0 pouncb ^  but 
A tteOQg faone  can  dfaw  2000pouttds  141  afltecgp  bill^  which ia 
tet  abort.  The  worst  way  of  am>ljiilg  the  foi^a  of  a  hone^  ia 
to  Aiake  him  caurry  ot  dmw  up  lull  j  for  if  the  hill  be  Bteep^ 
thme  man  win  do  more  ihan  a  horse,  each  man  climbing  up 
&8ter  with  a  burden  of  100  pounds  Wdgfatj  thaa  a  horse  that 
ia  loaded  with  300  pomida :  a  differdace  which  is  owing  to 
the  podtkm  of  the  parts  of  the  human  body  being  better 
adapted  to  climb  than  those  of  a  horse. 

On  the  other  hand^  tiie  best  way  of  applying  the  force  of 
a  horse,  is  an  horizontal  direction,  wherein  a  man  can  exert 
least  force  $  thus  a  mani  weighing  140  pounds,  and  drawing 
a  boat  along,  by  means  of  a  rope  coming  o?ef  his  shoulder^ 
cannot  draw  above  27  poundi,  or  exert  above  ooe-seventh 
patt  of  the  force  of  a  horse  employed  to  the  same  purpose* 

The  very  best  and  most  efectual  posture  in  a  man  is  t^ 
6f  rowing ;  wher^  he  not  only  acta  with  more  muscles  at 
once  for  overcoming  the  resistance  than  in  any  other  position* 
bat  as  be  pulls  bacKwards,  the  weight  of  his  body  aaiisti  by 
WOT^of  lev^.— Desaguliers* 

The  diameter  of  a  walk  for  a  horse-mill  oug^t  to  be  at  least 
S5  or  80  feet.-^Desaguliers. 

Some  horses  have  carried  660  or  700  pounds,  seven  or 
eight  miles,  without  resting,  as  their  ordtdary  wdrk  $  and  a 
horse  at  Stourbridge  carried  eleven  hundred  weight  of  itt>n^ 
or  1230  pounds,  for  eight  mofes^-^Deflaguiaera^  E^perinUntal 
Pkilosophfy  voL  i. 


fFbrk  of  mules. 


Contl-      Day's 


Guaa^  mys,  tkM  ft  tattU  wdrki  in  Qe  W<lft  Iftdlct  two 
liOHrt  oat  of  ftbovt  16»  With  a  force  9f  about  150  poundt, 
vafiLiag  three  feet  in  a  80coiid.~Dr.  Vouog's  PhUoiopky  4^      2^40'    1,2 

These  examples  exhibit  the  great  advantages  which  may 
be  gained  by  directfaig  the  exertion  of  animals  in  ,a  proper 
course,  their  effects  beingphmily  reducible  to  the  operations 
of  mechanical  powers.  To  describe  the  vacions.  modes  of 
applying  animal  strength,  as  a  first  mover  of  mechanical  en- 
gines,  would  greatly  exceed  our  limits ;  we  shall  therefore 
merely  state,  that  the  most  common  machine  for  receiving 
the  ferce  of  animals  is  the  horse*- walk,  which  afforda  the  meads 
of  applying  the  aotton^  Of  ttiat  animal  to  create  rotaftlve  moiioa* 
TIte  borse^wftlk  is  formed  of  an  horizontal  lever  or  arm, 
attadied  to  ad  tij^ri^  spindle.    The  lever  shouU  tuA  be  loss 
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than  twdvt  feet,  M  the  labour  of  the  animal  h  grea%  in- 
creased by  a  small  corve^  which  caoaes  an  unequal  feaiatanffe 
upon  his  two  riioulders.  The  madiine  shauld  be  ao  regulated 
that  the  horse  may  not  be  re^quired  to  deriate  from  hia  usual 
pace  of  two  miles  and  a  half,  with  a  burthen,  an  hour.  The 
rives,  in  which  the  horse  worics,  should  not  he  immovaUy 
.fixed  to  the  arms,  bat  hung  by  a  swivel  joint,  so  that  he 
may  place  himself  in  the  most  comfortable  positiou.  The 
woik  should  be  supplied  to  the  machinery  as  regularly  aa 
possible. 

Having,  in  the  precedmg  account,  stated  the  mean  results 
of  human  exertion  when  applied  to  regular  aud  uniform 
labour,  we  shall  in  the  next  place  proceed  to  notice  some 
extraordinary  feats  of  strength,  as  well  aa  some  that,  had  the 
appearance  of  being  such,  but  which  were,  in  reality,  the 
mere  effects  of  contrivance  and  skill,  and  which  might  baye 
been  performed  by  almost  any  men  who  were  possessed 
of  that  knowledge  of  their  construction  as  would  enable  thiem 
simQarly  to  exert  their  strength  to  the  best  advantage^ 

M.  de  la  Hire,  in  an  Examinatum  of  the  Force  ofMen, 
(vide  Memoirs  of  the  Academy  of  Sciences  for  1Q99,)  says, 
'^lliere  are  men  whose  spirits  flow  so  abundantly  into  their 
muscles,  that  they  exert  three  or  four  times  more  strength 
than  others  do ;  and  this  seems  to  he  the  natural  .reason  of 
4he  smrprising  strength  that  we  see  in  some  men  who  ^^fury 
and  raise  weights  which  two  or  three  ordinary  men  can 
hardly  sustain,  though  these  men  be  sometimes  but  of  ^ 
moderate  stature,  and  rather  appear  weak  thj^i  stropg. 
There  was  a  man  in  thi^  country  a  little  while'  ago,  who 
^ould  carry  a  very  large  anvil,  and  of  whom  was  reported 
several  wonderful  feats  of  streiufth.  But  I  saw  another  at 
Venice,  who  waa  but  a  lad,  anil  did  not  seem  able  tp  jparry 
fbove  forty  or  fifty  pounda^  with  all  posfiible  advantages)  yet 
this  young  fellow,  standing  upon  a  table,  raised  horn  the 
^arth,  and  sustained  off  the  ground,  an  aas,  by  means  of  a 
hroad  girth,  idiidi,  going  tmdcr  the  creature's  belly,  was  husug 
4ipon  two  hooks  that  were  fostened  to  a  plat  6f  small  cqi:^ 
coming  down  in  tresses  firom  the  hair  on  each  side  of  the 
lad's  head,  Ti^ch  were  in  no  great  quantity.  And  all  this 
great  force  depended  onfy  upon  the  tmucle^  of  the  s/^oul^e 
and  those  of  the  loina :  for  he  stooped  at  first  whilst  the 
hooka  were  fastened  to  the  girth,  and  then  raised  himself,  and 
iifted  up  Ae  ass  firom  the  ground,  bearing  with  his  handa 
upon  huf  knees.  He  raised  also  in  the  same  manner  other 
r  weights  that  seemed  heavier,  and  usi^d  to  say  he  did  with 
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wm  4B|iC|,  iMWOJie  the  tss  kicked  and  rtraggied  when  first 
lifted  from  the  grouiid/' 

Dr.  DeaagaHen,  in  floeae  amiotMiong  vpon  De  la  Uinf'a 
paper,  aayay  ^^  What  he  attributes  here  to  the  nmscles  of  ike 
IwMy  ipere  reaUy  performed  Inr  the  extensors  of  the  loga ;  for 
the  yoong  man's  atoc^ving-with  his  hands  upon  hb  knees  was 
AOt  with  his  body  forwards  uA  his  knees  stiffs  but  his  body 
upright  and  his  knees  bent,  so  as  to  Mng  the  two  cords  with 
lAiidi  he  lifted  to  be  in  the  same  plane  with  his  ancles  and 
the  heads  of  his  thigh-bones }  by  which  means  the  line  of 
direction  of  the  man  and  the  whole  weight  came  between  the 
strongest  part  of  his  two  feet^  which  are  the  siq»ports:  then 
as  he  extended  bis  legs  he  raised  himsdf,  without  changing 
the  line  of  direction.  That  this  must  have  been  the  manner 
I  am  pretty  well  assured  of,  by  not  only  observing  those  that 
perform  such  feats,  but  having  often  tned  it  mysdf.  As  for 
the  muscles  of  the  loins,  they  are  inciqiaUe  of  that  strain, 
being  above  six  times  weaker  than  the  .extensors  of  the  legs; 
tX  \MAt  I  found  them  so  m  myself, 

<' About  the  year  171%  having  the  honour  of  showing  a 
great  many  experiments  to  his  liSe  majesty  IQng  Geocge  L, 
^  majesty  was  desirous  to  know  whether  there  were  any 
fiiDacy  in  those  feats  of  strength  that  had  been  shown  hau 
^  year  before  by  a  man,  who  seemed  bv  his  make  to  be  no 
stronger  than  other  men:  upon  this  I  had  a  frame  of  wood 
Diade  to  stand  in,  (and  to  rest  my  hands  upon,)  and  willi  a 
girdle  and  chain  Ufted  an  iron  cylinder,  made  use  of  to  xfSX 
the  garden,  sustaining  it  easilv  when  once  it  was  up.  Some 
noblemen  and  gentlemen  who  were  present  tried  the  ex*^ 
periment  afterwards,  and  lifted  the  nAler;  some  with  more 
ease,  and  some  with  more  difficulty,  than  I  had  done.  This 
roller  weighed  1,900  pounds,  as  the  gardena?  told  us. 
Afterwards  I  tried  to  lift  300  pounds  with  my  hands,  (viz., 
two  nails  with  150  pounds  of  quicksilver  in  each,)  whidi 
I  did  indeed  raise  mm  the  ground,  but  strained  my  back 
80  as  to  feel  it  three  or  four  days  $  which  showe  that^  in  the 
same  person,  the  muscles  of  the  loins  (which  exerted  their 
force  in  this  last  eiqieriment)  are  more  than  six  times 
weaker  than  the  extensors  of  the  legs;  for  1  felt  no  incoii- 
veidency  from  raising  the  iron  roller."' 

During  the  time  th^  Dr.  Desaguliers  was  occupied  in 
printfaigthe  second  volome  of  his /'mfoMtpAy,  a  man  of  great 
natural  strength  exhibited  himself  in  liwdoo^  of  wbom  the 
fiocUfg  gm  the  following  account 


9S  THJ£  <VSR)kTtVJir  XOECUANIC 

'  ^  TbraiaB  IViphtai^  borft  ia  LofiAm,  afnd  tmf  ttbaM  lMn*f^ 
one  years  of  age,  five  feet  ten  inches  hi^,  with  ttiiMtites  very 
hard  and  pronoinent^  waa  bnnq^t  up  n  oaFpefft^r^  which  tmde 
be  practised  till  within  tfiese  six  or  seven  years  that  be  hal 
alrowed  feats  of  strength;  but  he  is  entirely  ignorant  of  any 
art  to  make  his  strength  more  surprising.  Nay,  iometiines 
he  does  things  which  become  more  difficult  by  his  disadvan- 
tageous sitvatbn;  attempting,  and  often  doing,  what  be  bears 
oti^r  strong  men  hare  done,  wil^KMit  making  use  of  the  same 
advantages. 

<' About  six  years  ago  he  pulled  against  a  horse,  sitting  upon 
the  ground  witii  his  feet  against  two  stumps  driven  into  the 
groiuMl,  but  without  the  advantages  which  might  have  been 
attained  by  placing  himMlf  in  a  proper  situation ;  the  horae^ 
however,  was  not  able  to  move  him,  and  he  thought  he  was 
in  the  right  posture  for  drawing  against  a  horse;  but  when, 
in  the  same  posture,  he  attempted  to  draw  against  two  horses^ 
be  was  pulled  out  of  his  place  by  being  lifted  up,  and  had 
one  of  his  knees  struck  against  the  stumps,  which  shattered 
It  80,  that,  even  to  this  day,  the  patellay  or  knee-pan,  is  so 
loose,  that  tiie  l^aments  of  it  seem  either  to  be  br(4{en  or 
quite  relaxed,  which  has  taken  away  most  of  the  strength  of 
that  leg.''         , 

Dr.  Desagttliers  then  relates  the  exploits  which  he  saw  him 
perform. 

*M.  By  the  atrengtii  of  his  fingers,  (only  rubbed  in  coal 
ashes  to  prevent  them  from  slipping,)  he  rolled  up  a  very 
•tiong  aad  large  pewter  dish. 

^  3.  He  broke  seven  or  eight  short  and  strong  pieces  of 
tobaeoo^lpe  with  the  force  of  his  middle  finger,  having  laid 
them  on  the  first  aad  third  finger. 

**  8.  Having  thrust  in  under  bis  garter  the  bowl  of  a  strong 
tobacco*p{pe,  bit  kgs  being  bent,  he  broke  it  to  pieces  by  the 
tendons  of  his  hams,  without  altering  the  bending  of  his  knee. 

*^  4.  He  broke  such  another  bowl  between  his  first  and 
•edofid'  finger,  by  pressing  his  fingers  together  sideways. 

^<  5.  He  lifted  a  table  six  feet  long,  which  had  half  a  hundred 
weight  hanging  at  the  end  of  it,  with  his  teeth,  and  held  it  in 
an  horiedDtal  position  for  a  ccmsiderable  time.  It  ia  true, 
the  feet  of  the  table  rested  against  his  knees;  but,  as  the 
length  of  the  table  was  mndi  greater  than  its  height^  that 
performsim^e  repaired  a  great  strength  to  be  exerted  by  the 
wttsiAes  of  his  Idos,  those  of  his  neck,  tiie  ^asseter  aud^  tent'' 
poral,  (muscles  of  the  jaws,)  besides  a  good  set  of  teeth. 
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«'^«  He  iQolLMixmi  kHcbeii  poker, ^Mmt* yatd  long,  and 
toroe  inches  in  curcumfereiice,  wui,  boldiiig  it  in  his  right 
bimd^  h«  itnick  upon  his  baie  left  wm»  betireea  the  elbow 
4iid  tbe  wriftty  till  be  bent  the  poker  nearly  to  a  ligbt  angle. 

<<7-  He  took  0110b  another  polMT,  and  holding  the  endi  of  it 
in  his  hande,  and  the  middle  against  the  badt  of  hie  neck,  he 
Imnight  boib  enda  of  it  together  before  hiin;  and^  what  waa 
yet  more  difficulty  he  pull^  it  afanoat  atndgbt  again;  becauae 
ibe  nniades  whidi  a^ante  the  anna  boriaontally  firom  each 
ether  are  not  ao  atroi^  aa  tboae  that  faring  them  together. 

'^  8,  He  broke  arope  of  about  two  indies  in  circiunfiBreBce, 
wbieh  waa  in  part  wound  about  a  cylindar  of  four  inches 
diameter,  having  futened  the  other  end  of  it  to  straps  that 
went  over  his  diooldera*  But  he  exerted  more  force  to  do 
Ihia  than  any  other  of  his  feats,  from  hia  awkwardness  in 
going  about  it;  for  the  rope  vielded  and  stretched  aa  he  stood 
npon  the  cylinder,  ao  tliat  when  the  extensors  of  the  legs  and 
thi£^  had  done  thetr  office  in  bringing  hia  legs  and  thighs 
atraigbt,  he  waa  forced  to  raise  his  faeds  from  their  bearings, 
and  use  other  muscles  that  are  weaker.  But  if  the  rope  had 
bera  so  6xed  that  the  rope  to  be  brdcen  had  been  short,  it 
would  have  been  broken  with  four  timea  leas  difficulty. 

^  9«  I  have  seen  him  lift  a  rolling  stone  of  about  800 
pounds  with  his  hands  only,  standing  in  a  frame  above  it, 
and  taking  bdd  of  a  chain  that  waa  futencd  to  it.  By  this, 
I  reckon,  he  may  be  almost  as  strong  again  aa  those  who 
are  generally  redioned  the  strongest  men,  they  generally 
lifting  no  more  than  400  pounda  in  that  mamier«  The 
wealttst  men  who  are  in  hedtfa,  and  not  too  fifU:,  lift  about 
136  pounds,  baviiq;  about  half  the  strength  of  the  strongest. 

*^  jN.  B.  This  sort  of  comparison  is  diie&y  in  relation  to  the 
mnsclea  of  the  loins;  beesMse  in  doing  this,  one  must  stoop 
forwards  a  little.  We  must  alao  add  the  weight  of  the  body 
to  the  weight  lifted.  So  that  if  the  weakest  man's  body 
weigiui  160  pounds^  that,  added  to  125  poniris,  makm  the 
iriboie  weight  lifted  by  him  to  be  27b  pounds.  Then,  if  the 
strongest  maa's  body  weif^:  also  160  pounds,  the  whole 
Wright  Ufted  by  bim  will  be  aboBtd60  pounds,  that  is  400 
pounsb  and  the  160  pounds  which  his  lx>dy  weighs.  Top^ 
ham  weighs  about  000  pounds,  which,  added  to  the  800 
gomdB  ^t  he  Ms,  makes  lOOO  pounds.  But  he  ought  to 
Hft  SQO  pounda  besides  the  wrigbt  of  his.  body,  to  be  as 
otrssig  again  aa  a  nasn  of  }6Q  pounds  weight  who  ean  lift 
400  pounds* 

^^  JjMmt  thirty  yun.»tSa,miBj€ifioey  a  Kentisbman,  iamous 
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tor  bis 'great  oitKiigtb,  shewed  seTenl  feats  la  LondoD  and  the 
country,  which  so  miieh  siffprised  the  spectstors,  that  he  was 
hy  most  people  called  ike  second  SmmpMn.  But  though 
the  postures  which  he  hid  learnt  to  put  his  body  into,  and 
found  out  by  pmctioe^  without  any  mechanical  tlieory^  were 
such  as  would  make  a  man  oi  common  strength  do  such  feats 
as  would  appear  surprising  to  every  one  who  did  not  know 
the  adTSDtage  of  those  positians  of  the  body,  yet  nobody 
then  attempted  to  draw  against  horses,  or  raise  great  weights, 
or  to  do  any  thing  in  imitation  of  him:  because,  as  he  was 
very  stvong  in  the  arms,  and  grasped  those  that  tried  his 
strength  that  way  so  hard  thattl^y  were  obliged  immediately 
to  deuie  him  to  desist,  his  ojther  mts  (wherein  his  manner  of 
acting  was  chiefly  owing  to  the  mechanical  advantage  gained 
by  the  position  of  his  body,)  were  entirely  attributed  to  his 
estnM>rdinaTy  strength. 

'*  But  when  he  had  been  gone  out  of  England,  or  had  ceased 
to  show  his  performances,  for  eight  or  ten  Y^us,  men  of 
ordinary  stvei^^  had  found  out  the  way  of  malung  such 
advantage  of  the  same  postures  as  Jcyce  had  put  himself  into^ 
as.to  pass  for  men  of  more  than  coomion  strength,  by  draw- 
ing against  horses,  brealdng  ropes,  lifiting  vast  weights,  &c.^ 
though  they  could  in  none  of  the  postures  really  perform  so 
much  as  •/cyev,  yet  they  did  enough  to  amaze  and  amuse, 
and  get  a  deed  of  money,  so  that  every  two  or  three  years  we 
had  a  luw  second  Sampson. 

*^  About  fifteen  years  ago  a  German  of  middle  si2e,and  but 
ordinary  strength,  showed  hiaaself  at  the  Blue  PoetSy  in  the 
Hajrmarket,  and,  by  the  contrivances  above-mentioned,  passed 
for  a  man  of  uncommon  stBength,and  gained  considerable' sums 
ofmoneyby  the  daily  concourse  of  spectatora.  After  having 
eeen  Uffl  onee^  I  guessed  at  his  manner  of  imponng  upon  the 
multitude;  and  being  resolved  to  be  folly  satisfied  in  tho 
matter,  I  took  four  verv  curious  persons  with  me  to  see  him 
again,  viz.,  die  Lord  Marquis  of  TuUibardin,  Dr.  Alexander 
^mart,  Dr  Pringle,  and  a  mechanical  worianan  who  used  to 
assist  me  in  my  courses  of  experiments.  We  placed  our- 
-sdves  in  such  manner  round  tne  operator,  as  to  be  able  to 
observe  nicely  aU  that  he  did;  and  found  it  so  practicable, 
that  we  performed  several  of  his  feats  that  evening  by  our- 
selves, and  afterwards  I  did  the  most  of  the  rest,  as  1  had  a 
frame  to. sit  in  to  draw,  and  another  to  stand  in  and  lift 
weii^ts,  together  with  a  proper  girdle  and  hooks.  I  likewise 
showed  some  of  the  experiments  before  the  Royd  Sodelw^ 
and  ever  since,  aft  my  eaqierimental  lectures,  I  explain  the 
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KABOD  of  Midi  perfoniuaioes^  and  take  any  petaon  of  oidiiwrjr 
•Imgtb  thai  baa  a  mind  to  try^iriK)  can  eaaily  do  all  that  tto 
German  idboFe^mentioned  used  to  do^  without  any  danger  or 
exttBordinary  straining;,  by  making  use  of  my  appafatoa  for 
that  purpose. 

^  In  order  to  ezpbdn  how  great  feats  may  be  performed  by 
men  of  no  eztnordmary  strength,  I  hatre  in  fig.  7%  drawn 
the  lower  part  of  askelefani,  containing  so  many  of  Hie  benea 
of  the  liuman  body  as  are  oonoemiS  in  these  opentkmBy 
making  the  figore  pretty  htfge,  to  show  the  better  how  the 
girdle  is  to  be  applied. 

'<  The  bones  marked  I S  APH  I*  which  eompose  die  cavMr 
caDed  the  pelvis,  contain  a  bony  circle  or  doable  ardi  of  such 
strength,  that  it  would  require  an  immense  force  to  break 
them  by  an  external  pressure  directed  towards  the  centre  of 
the  cinde,  or  the  middle  of  the  pelvis^  It  is  also  to  be 
obaeryed,  that  those  parts  of  this  wmy  circamferencey  wfaicb 
receive  the  heads  of  the  thigh-bone  above,  at,  and  bdow  A^ 
called  the  iacfainm  or  coxendix,  are  the  strmgest  of  all,  so 
that  a  very  great  force  may  push  the  heads  of  the  thigh-bones 
upwards,  or,  which  is  the  same  thing,  the  upper  parts  of  the 
ertxendix  downwards,  or  towards  each  omer  in  a  lateral 
direction  fifom  A  to  A,  without  doing  any  hurt  to  the  human 
body. 

^  Now  if  the  girdle  above  described  be  put  round  the  hoiy 
in  the  manner  represented  in  the  figure,  and  be  drawn  down^ 
warda  at  G,  by  a  great  weight  W,  it  will  press  on  the  oa 
sacrum  behind,  and  the  ilium;  then  it  will,  by  its  pressure  on 
TT,  the  great  trochanters  of  die  thij^bones,  draw  the  round 
heads  the  &8tcr  iirto  their  sodcets,  so  as  to  make  them  less 
liable  to  slip  out  and  strain  the  ligament  by  a  PiMh  directed 
i^warda.  SothatthesemicircQbur]^ofthegir^,TCSCT, 
prases  together  the  bony  arch  denoted  by  the  same  letters^ 
which,  acrardiiig  to  the  nature  of  arches,  is  the  strm^r  for 
that  pre8sui«.  The  abutments  of  the  arch  cannot  come 
nearer  together  by  reason  of  the  resistance  of  the  strong 
bones  A  P  A,  neither  can  they  fly  outwards,  because  the 
girdle  keeps  them  together.  Then  the  thighs  and  legii  T  X>  B 
are  two  strong  columns,  capable  of  sustaining  4000  or  5000 

*T1w9e  bones  aie  Unis  distinguished  by  anatomists :  S,  the  os  sacrnm; 
llythe  ibiim;  A  A,  the  os  ischium;  whose  strongest  part  has  on  each  side 
an  hemispherical  concave,  in  which  the  round  head  of  the  thigh-bone  is 
receired  and  turns  round,  being  held  by  a  strong  ligament  in  its  middle ; 
those  parti  of  the  bone  that  join  tofpethec  b«fi>ie,  betwiit  AA  apd  above  P, 
aie  caliid  the  os  pubiir  o'  o**^  pubiSr 
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fomA  at  ktuiiy  provided  Um^  otend  quke  upriglit.  Tbs 
sMUftekfi  hare  fure  put  to  no  sfemin,  btiap  no  farther  eoiioenictf 
tiuui  to  Imlaiiee  each  other;  that  is^  the  antagoniat  muadet^ 
exlenaort »  and  flexorsy  obIj  keep  the  honea  in  their  places 
which  makes  them  resist  like  one  entire  bone  formed  into  an 
arth. 

^  This  shows  how  easily*  the  man,  fig.  80^  may  luatain  a 
OBMMii  of  2000  or  8000  pounds  weight.  The  tnnpe  Mrtdtioir 
Witt  abo  serve  ftir  the  resiatance  of  Ifae  man,  fig.  Sly  vhom 
five  men,  nay  tea  men,  car  two  kaeReB^  cannot  ptSi  but  of  his 
situation  when  he  sits  so  as  to  have  his  lege  aad  thighs  in 
the  faozizDntal  line  P  F,  or  hi  a  line  indining  downwards 
towards  A,  for  then,  though  there  is  a  difhrence  in  the  sitting 
posture  from  the  standing  posture  befiire  described,  yet  by 
reason  of  the  mobiisty  of  tbo  heada  of  the  tfaigh«boQee'in  Umi 
aeetabuia  or  cavities  of  the  coxendiac,  &e  arch  is  the  saas^ 
and  as  strong  aa  before,  its  abntttentfir  being  equsAiy  aap^ 
ported  by  the  legs  and  thighs.  It  is  only  the  bendidg  of  ^lo 
back^bone  above  the  girdle  to  bring  up  tke  body  which  mahea 
the  di&rence  of  position  in  the  man,  though  not  sensibly  iit 
the  resisting  pavts. 

^^  In  breiSLing  a  rope  the  uuades  must  act  in  extendfaig  the 
legs;  and  that  we  may  the  better  explain  that  action,  we  muM 
consider  a  man  breaking  the  rope,  as  represented  in  fig.  824 
Suppose  a  rope  fastened  to  a  post  at  F,  or  any  otiber  fixed 
point,  ia  bcoag^t  through  an  iron  eye  L,  to  the  hook  <tf  tte 
girdle  H,  of  the  man  H  I,  aad  so  fixed  to  it  by  a  kx^,  or 
otherwiae,  as  to  be  qmte  ti^^ht,  whilst  the  oflnn's  Icnees  are  00 
bended  as  to  want  about  an  inch  of  having  his  legs  and 
thigha  quite  upright.  Then  if  the  man  on  a  sudden  streteitea 
hia  lega  and  sets  himsell  upright^  he  will  with  ease  break  tb^ 
very  ssfme  rope  which  held  two  horses  exerting  iheir  wfaeio 
atrsngth  when  they  drew  against  him;  such  as  a  cart  rope, 
•v  a  rope  of  near  th^ee  quarters  of  an  inch  diameter,  which 
may  be  bvcdEen  by  a  asan  of  nnddling  strength^  by  tiie  aotlml 
oTtiie  ten  msnclea*  tiint  extend  the  legs,  five  belongfaig  to 
each  kg. 

♦  The  four  muscles  that  extend  each  leg  are  described  by  anatomist* 
tfins : — ^1.  The  rectus,  arising  from  the  anterior  inferior  spine  of  the  o^ilinm; 
and  inserted,  through  the  medium  of  the  patella,  into  the  anterior  tuberosity 
of  ^  tibift.  2.  The  cretafia,  situated  beneath  tlie  former,  snd  arising  from 
the  front  sfurface  of  th«  os  femofis  fer  a  considerable  extent,  and  inserted 
into  the  upper  edge  of  the  patella,  and  also,  through  the  medium  of  that  boftey 
into  the  anterior  tuberosity  of  the  tibia.  3.  The  vastus  extemus,  arising  ttom 
the  root  of  1#ie  trochanter  ntarjor,  and  outer  side  of  the  os  femoiis,  and  in*. 
serted  into  the  outer  edg$  of  the  patella,  and  again,  thxottgl^  'm  medKuia,  into 
the  anterior  tuberosity  of  the  tibia.  4.  The  vastus  interouSy  which  arises  from 


ATm   M AXTHIMtST.  63 

^  la  brtaldog  the  rope  one  thio^  is  to-  be  olwetred,  which 
wSk  nmeh  fecflitate  the  peifenuanee)  and  that  is^  to  phu!e  the 
mm  eye  L,  thsoagh  i;diich  the  rope  goeB>  in  each  ai  fliUatioii^ 
that  a  pbuie  going  through  its  ring  ehall  be  parallel^  or  nearly 
pavaUel  to  the  two  parts  of  the  rope;  beeause  then  the  rope 
will  hi  a  Hianner  be  jammed  in  it,  and  not  slipping  through 
it^  Ae  whole  force  of  the  man's  action  wdl  be  exerted  on 
Aat  part  of  the  rope  which  ia  m  the  eye,  which  will  make  it 
break  more  easily  than  if  snore  parts  of  the  rope  were  acted 
upon.  So  that  the  eye,  though  made  round  and  smooth,  may 
be  said  in  some  measure  to  cut  the  rope.  And  it  is  after  this 
mannertiiat  one  may  break  a  whip-cord,  nay,  a  sttiell  jaek« 
Sne,  with  one's  hand,  without  hurting  it;  only  by  bringing 
one  part  of  the  rope  to  cut  the  other ;  that  is,  placing  it  sd 
round  one's  left  hand,  that,  by  a  sudikn  jerk,  the  whole  force 
exerted  shall  act  upon  one  point  of  the  rope.  See  fig^.  83^ 
where  the  eord  to  be  broken  at  the  point  L*  k»  the  left  hand; 
is  marked  aceordiag  to  its  course,  by  the  letters  R  T  S  L  M 
N  O  P  Q,  folding  once  about  the  right  hand,  then  going  mider 
the  thumb  into  the  middle  of  the  left  hand ;  wb^e  crossing 
under  another  part,  it  is  brought  back  under  tiie  tbunib  again 
to  M^  then  reund  the  back  of  the  hand  to  N,  so  through  1M 
loop  at  L  to  O,  and  three  times  round  the  tittle  finger  at  F 
and  Q;  which  last  is  only  that  the  loop  N  O  may  not  give 
way.  Befin^  the  hands  are  jerked  from  one  another,  the  left 
hand  must  be  shut,  but  the  thumb  must  be  held  loose,  lest 
pressing  against  the  fore  finger  it  should  hinder  the  part  T  £* 
of  the  rope  from  carrying  the  force  fully  to  the  point  L;  but 
the  little  finger-  and  that  next  to  it  must  be  held  hard,  t^ 
keep  the  loop  N  O  firm  in  its  place. 

^'  There  are  several  cases,  wherein  it  would  be  of  singular 
use  to  apply  the  force  of  one  or  more  men,  by  means  of  the 
gMte  or  hook  and  chain,  in  the  manner  i^ve-m^tioned  ^ 
as  Ibr  example,  when  the  leristance  is  very  great,  but  the 
bodies  that  resist  are  to  be  rsmoved  but  a  little  way :  if  we 
Kft  very  heavy  foods  a  snudl  height,  to  remove  any  thing  from 
under  them;  if  we  would  draw  a  bolt  of  stifle,  and  find  we 
cannot  do  it  even  with  an  iron  crow,  the  hand  pulling  it 
upwards  at  the  end ;  then  the  hook  of  the  girdle  being  applied 
at  the  end  of  the  crow,  the  force  exerted  by  stretching  the 
legs  wo«dd  be  tenfold  of  what  the  hands  were  able  to  do, 
without  more  help  at  the  same  place. 

^  There  may  also  be>many  oeoasiouson  board  a  slup.  I  wiU 

the  root  of  the  trochanter  minor,  and  inner  surftice  of  the  os  femoris,  and 
imtrtod  iM(v  the  imeve^e  of  the-  patella,  and  Kkewise,  through  its  mediuib, 
into  the  aaterior  tuberosity  of  the  tibis  with  the  former  ouiscles. 
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ilistaace  bul  oAe.  Let  F  G^  6g.  8i,  be  the  facUe  for  nSdkig 
or  lowering  the  mdktk-top^nmaiy  part  of  which  is  repreaentei 
hy  mlytn 2;  the'block  ti  is  fixed  bdow,  and  aa  the  block  F 
ponies  down,  it  pulls  along  i^ith  it  the  tup  rope  FS  C^ml 
runniu^  over  the  block  B,  fixed  at  A,  and  round  the  block  C 
in  the  heel  of  the  U^-mast,  so  as  to  draw  up  the  lower  end 
m  1  of  the  said  main-top-mast^  which,  when  hoisted  up  to  its 
due  height,  is  nuide  fast  by  the  iron  pin  or  fid  I,  which  is 
thrust  through  it,  and  then  its  own  weight  and  the  hole  D  of 
the  cap  will  keep  it  in  its  place.  We  will  suppose  that  the 
force  required  thus  to  raise  the  mast  must  be  that  of  six  men 
pulling  upon  deck  at  the  fall  of  the  tackle,  that  is,  at  the 
running  rope  F  G  K  at  K  on  the  otiior  side  of  the  main-mast 
L  /•  Now  in  order  to  let  down  this  naast  on  the  sudden,  as 
in  case  of  hard  weather,  it  is  necessary  the  tackle  and  power 
must  be  made  use  of,  thoiigh  it  be  but  to  lift  it  a  very  little 
way,  that  a  man  may  be  able  to  get  out  the  fid  I,  before  the 
said  mast  can  be  let  down  and  slip  to  N  on  the  side  of  the 
main-mast.  I  say,  that  if  the  hands  are  so  employed  other- 
wise, that  instead  of  six  men  there  be  onlv  one  man  at  the 
rope  K;  if  he  has  a  strong  girdle  to  which  he  fastens  it,  oe 
makes  a  bow  in  the  rope  itsw,  to  fix  it  round  the  lower  part 
of  his  back,  &c«,  he  may  exert  nmch  more  force  in  the  direc- 
tion G  K  than  the  six  men  in  the  common  way  of  pulling  j 
and  if  he  draws  to  him,  sitting  on  the  ground,  and  pushing 
his  feet  against  the  first  firm  obstacle  that  he  finds,  as  against 
O  P,  only  two  inches  of  the  rope  G  K,  he  will  raise  up  tlie 
main-top-mast  the  third  part  of  an  inch^  which  will  be  suffix 
cient  for  the  iron  fid  i  to  be  drawn  out.''  Desagulier^' 
Philosophy,  vol.  i. 

WATER-MILLS. 

Watsr-mill  is  the  name  by  which  all  mills  are  designated 
that  receive  their  motion  from  the  impulse  -  of  the  water. 
As  each  of  these  mills  will  come  under  their  respective  beada^ 
we  shall,  in  the  present  article,  confine  ourselves  to  a  minute 
description  of  the  difierent  kinds  of  water-wheels,  by  whose 
axis  the  force  with  which  they  have  been  impressed  may  be 
transmitted  to  move  any  species  of  machinery^  however  sinaple 
or  complex. 

But,  notwithstanding  the  extensive  sLpification  of  the 
term  water-mill  when  applied  to  the  different  bninches  of 
manufacture  carried  on  therein,  we  have  another,  and  still 
more  simple  division^  arising  from  the  peculiar  construcUon 
of  the  wa^ter-wheely  termed  the  undershot-mill,  the  overshot- 
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mill,  and  the  breast-mill.  There  is  also  another  called  the  mill 
with  horizontal  wheels;  but  as  this  is  very  disadvantageous 
in  point  of  practical  utility,  we  shall  forbear  to  describe  it. 
The  undershoi'wheel  is  used  only  in  streains,  and  is  acted 
upon  by  the  water  striking  the  float-boards  at  the  lower 
drcumference  of  the  wheel.  In  the  aversAot-wheet  the  water 
is  poured  over  the  top  o^  the  wheel,  and  is  received  in  buckets 
formed  all  round  the  wheel  for  tiiat  purpose.  And  in  the 
breast-wheel  the  water  falls  down  upon  the  wheel  at  right 
angles  to  the  float-boards^  or  buckets  placed  round  the 
circumference  of  the  wheel  to  receive  it. 

UNI>BaSUOT-WBSKLS« 

Ma,  John  Smbaton  has  made  numerous  experiments  upon 
the  different  kinds  of  water-wheels,  the  results  of  which  were 
laid  before  the  Royal  Society.  The  time  that  has  elapsed 
since  the  period  when  they  were  first  given  to  the  world,  has 
been  sufficient  to  prove  their  fallacy,  if  any  had  existed;  and 
the  high  estimation  in  which  they  still  continue  to  be  held  by 
mathematicians  and  mechanics,  is  certain  evidence  of  their 
value  and  importance. 

Mr.  Smeaton  prefaces  a  minute  descriptlbn  of  the  machines 
and  models  used  by  him  for  his  experiments,  with  an  observ- 
ation, that  what  he  has  to  communicate  on  the  subject  was 
originally  deduced  from  experiments,  which  he  looks  upon 
as  the  best  means  of  obtaming  the  outlines  in  mechanical 
inquiry.  ^  But  in  such  cases,"  says  he,  <^  it  is  very  necessary 
to  distinguish  the  circumstances  in  which  a  model  differs 
from  a  machine  in  large;  otherwise  a  model  is  more  apt  to 
lead  us  from  the  truth  than  towards  it:  and,  indeed,  though 
the  utmost  circumspection  be  used  in  this  way,  the  best 
structure  of  machines  cannot  be  fully  ascertained  but  by 
making  trials  with  them,  when  made  of  their  proper  size. 
It  waa  for  this  reason,  though  the  models  and  experiments 
referred  to  were  made  in  the  years  1752  and  1753,  that  I 
have  deferred  offering  them  to  the  Society  until  I  had  an 
opportunity  oi  putting  the  deductions  made  therefrom  in  real 
practice,  in  a  variety  of  cases,  and  for  various  purposes,  so  as 
to  be  able  to  assure  the  Society  that  /  have  found  them  to 


Mr.  Smeaton  then  remarks,  that  the  word  power,  as  used  in 
practical  mechanics,  signifies  the  exertion  of  strength,  gra- 
vitation, impulse,  or  pressure,  so  as  to  produce  motion :  and 
by  means  of  strength,  gravitation,  impulse,  or  pressure,  com- 
pounded with  motion,  to  be  capable  of  producing  an  effect  i' 
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and  that  no  effect  is  properly  mechanical^  but  what  requires 
such  a  kind  of  power  to  produce  it. 

Having  described  the  models  and  machines  used  for  making 
his  experiments,  he  observes  that  with  regard  to  power,  it  b 
most  properly  measured  by  the  raising  of  a  weight,  the 
relative  height  to  which  it  can  be  raised  in  a  given  time 
being  the  actual  extent ;  or,  in  other  words,  if  the  weight 
raised  be  multiplied  by  the  height  to  which  it  can  be  raised 
in  a  given  time,  the  product  is  the  measure  of  the  power 
ndsing  it;  and,  consequently,  all  those  powers  are  equal, 
whose  products,  made  by  such  multiplication,  are  the  same : 
for  if  a  power  can  raise  twice  the  weight  to  the  same  height, 
or  the  same  weight  to  twice  the  height,  in  the  same  time 
that  another  power  can,  the  first  power  is  double  the  second; 
but  if  the  power  can  oidy  raise  half  the  weight  to  double  the 
height,  or  double  the  weight  to  half  the  height,  in  the  same 
time  that  another  can,  those  two  powers  are  equal.  This, 
however,  must  be  understood  to  be  only  in  cases  of  slow  and 
equable  motion,  where  there  is  no  acceleration  or  retardation. 

In  comparing  the  effects  produced  by  water-wheels  with 
the  powers  producing  them,  or,  in  other  words,  to  know 
what  part  of  the  original  power  is  necessarily  lost  in  the 
application,  we  must  previously  know  how  much  of  the  power 
is  spent  in  overcoming  the  friction  of  the  machinery  and  the 
resistance  of  the  air;  also,  what  is  the  real  velocity  of  the 
water  at  the  instant  that  it  strikes  the  wheel,  and  the  real 
quantity  of  water  expended  in  a  given  time. 

From  the  velocity  of  the  water  at  the  instant  that  it  strikes 
the  wheel,  the  height  of  head  productive  of  such  velocity- 
can  be  deduced,  from  acknowledged  and  experimented  prin- 
ciples of  hydrostatics:  so  that. by  multiplying  the  quantity 
or  weight  of  water  really  expended  in  a  given  time,  by  the 
height  of  a  head  so  obtained,  which  must  be  considered  as 
the  height  from  whidi  that  weight  of  Water  had  descended 
in  such  given  time,  we  shall  have  a  product  equal  to  the 
original  power  of  the  water,  and  clear  of  all  uncertainty  that 
would  arise  from  the  friction  of  the  water,  in  passing  small 
apertures,  and  from  all  doubts  arising  from  the  mfferent 
measure  of  spouting  waters,  assigned  by  different  writers. 

On  the  other  hand,  if  the  sum  of  the  weights  raised  by  the 
action  of  this  water,  and  of  the  weight  required  to  overcome 
the  friction  and  resistance  of  the  machine,  be  multiplied  by  the 
height  to  which  the  weight  can  be  raised  in  the  time  given, 
the  product  will  be  equal  to  the  eSect  of  that  power;  and 
the  proportion  of  the  two  products  will  be  in  proportion  of 
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Uie  fower  to  the  effect:  so  that  by  loading  the  wheel  with 
different  weights  successively,  we  shaU  be  able  to  determine 
at  what  particular  load,  and  velocity  of  the  wheels  the  effect 
is  a  tjummum. 

The  experiments  made  by  Mr.  Smeaton  may  thus  be 
reduced.  The  circumference  of  the  wheel,  75  inches,  mul- 
tiplied by  86  turns,  gives  6450  inches  for  the  velocity  of  the 
water  in  a  minute;  ^  of  which  will  be  the  velocity  in  a 
second,  equal  to  1(^.5  inches,  or  8.96  feet,  which  is  due  to  a 
head  of  15  inches;  and  this  we  call  the  virtual  or  effective 
head.  The  area  of  the  head  being  105.8  inches,  this  mul- 
tiplied by  the  weight  of  water  of  the  cubic  inch,  equal  to 
the  decimal  579  of  the  ounce  avoirdupois,  pves  61 .26  ounces 
for  the  weight  of  as  much  water  as  is  contained  in  the  head, 
upon  one  inch  in  depth,  iV  of  which  is  3.83  pounds;  this 
multiplied  by  the  depth  21  inches,  gives  80.43  pounds  for 
the  value  of  1^  strokes ;  and  by  proportion,  39^  (the  number 
made  in  a  nunute)  will  give  264.7  pounds,  Ae  weight  of  water 
expended  in  a  minute. 

\iow  as  264.7  pounds  of  water  may  be  considered  as  having 
descended  throngh  a  space  of  15  inches  in  a  minute,  the 
product  of  these  two  numbers  3970  will  express  the  power 
of  the  water  to  produce  mechanical  effects;  which  were  as 
follows : 

The  velocity  of  the  wheel  at  the  maximum^  as  appears 
above,  was  SiO  turns  a  minute ;  which  multiplied  by  nine 
inches,  the  circumference  of  the  cylinder,  makes  270  inches ; 
but  as  the  scale  was  hung  by  a  pulley  and  double  line,  the 
weight  was  only  raised  half  of  this,  viz.  135  inches. 

lb.      OK. 

He  weight  in  the  scale  at  the  maximum  • .  8  — 
The  weight  of  the  scale  and  pulley  • . » .  • .  —  10 
The  counterweight^  scale,  and  puUey    •  •  • .    —    12 

Sum  of  the  resistance  • .    9      6 


Or  pounds .  *     9^75 

Now  as  9.375  pounds  is  raise^  135  inches,  these  two  numbers 
being  multiplied  together,  the  product  is  1266,  whidi  ex- 
presses the  effect  produced  at  a  maximum;  so  that  the  pro- 
portion of  the  power  to  the  effect  is  as  3970 :  1266,  or  as 
10  : 3.18. 

But  though  this  is  the  greatest  single  effect  pioducibl<i 
from  the  power  mentioned,  by  the  impulse  of  the  water  upon 

f2 
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an  UBderabot^whed;  yet,  as  the  whole  power  of  the  water  10 
not  exhausted  by  it,  this  will  not  be  the  true  ratio  between 
the  power  of  the  water,  and  the  sum  of  aU  the  effects  pro- 
ducible therefrom ;  for,  as  the  water  must  necessarily  leave 
the  wheel  with  a  velocity  equal  to  the  wheel's  circumference, 
it  is  plam  some  part  of  the  power  of  the  water  must  remain 
softer  quitting  the  wheel. 

The  veloaty  of  the  wheel  at  the  maximum  is  30  turns  a 
ndnute;  and  consequently  its  circumference  moves  at  the 
rate  of  3.123  feet  a  second,  which  answers  to  a  head  of  1.82 
inches;  this  being  multiplied  by  the  expense  of  water  in  a 
minute,  viz.  264.7  pounds  produces  481  for  the  pow^ 
remaming  in  the  water  after  it  has  passed  the  wheel:  this^ 
being  therefore  deducted  from  the  original  power  3.970, 
leaves  3.489,  which  is  that  part  of  the  power  spent  in  pro^ 
ducing  the  effect  1266;  and,  consequently,  the  part  of  the 
power  spent  in  producing  the  effect,  is  to  the  greatest 
effect  that  it  produces  as  3489  :  1266  :  :  10 :  3.@,  or  a» 

11  to  4. 

The  velocity  of  the  water  striking  the  wheel  has  been 
determined  to  be  equal  to  86  circumferences  of  the  wheel  per 
minute,  and  the  velocity  of  the  wheel  at  the  masimum  to  be 
30 ;  the  velocity  of  the  water  will  therefore  be  to  that  of  the 
wheel  as  86  to  30,  or  as  10  to  3.5,  or  as  20  to  7- 

The  load  at  the  maximum  has  been  shown  to  be  equal  to 
nine  pounds  six  ounces,  and  the  wheel  ceased  moving  with 

12  pounds  in  the  scale :  to  which  if  the  weight  of  the  scale 
be  added,  viz.  10  ounces,  the  proportion  wUl  be  nearly  as 
3  to  4  between  the  load  at  the  maximum  and  thai  by 
which  the  wheel  is  stopped. 

It  is  somewhat  remarkable,  that  though  the  velocity  of  the 
wheel  in  relation  to  the  water  turns  out  greater  than  i  of  the 
velocibr  of  the  veater,  yet  the  impulse  of  the  water  in  the 
case  of  a  maximum  is  more  than  double  of  what  is  assigned 
by  theory;  that  is,  instead  of  i  of  the  column^  it  is  nearly 
equal  to  the  whole  column. 

It  must  be  remembered,  therefore,  that,  in  the  present 
case,  the  wheel  was  not  placed  in  an  open  river,  where  the 
natural  current,  after  it  has  communicated  its  impulse  to  the 
float,  has  rodm  on  all  sides  to  escape,  as  the  theory  supposes  ; 
but  in  a  conduit  or  race,  to  which  the  float  is  adapted^ 
the  water  cannot  otherwise  escape  than  by  moving  along 
with  the  wheel.  It  is  observable,  that  a  wheel  working  in 
this  manner,  so  soon  as  the  water  meets  the  float,  receives  a 
sudden  cheeky  and  rises  up  against  the  float,  like  a  wave  against 
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ft  fixed  o1]ject;  iBflomuch^  that  when  a  bLeet  of  water  is  not 
a  quarter  of  an  inch  thick  before  it  meets  the  floaty  yet  this 
sheet  will  act  upon  the  whole  surface  of  a  float  whose  height 
is  three  inches;  and^  consequently,  were  the  float  no  higher 
than  the  thickness  of  the  sheet  of  water,  as  the  theory  also 
jiupfMses,  a  great  part  of  the  force  would  have  been  lost  by 
the  water  dashing  over  the  float. 

Mr.  Smeat<m  next  proceeds  to  give  tables  of  the  velodties 
oS  wheels  with  different  heights  of  water ;  and  from  the  whole 
deduces  the  following  conclusions. 

Maxim  1.  That  the  virtual  or  efiective  head  of  water,  and 
consequently  its  efiBuent  velocitv,  being  the  same,  the  me- 
chanical effect  produced  by  a  wheel  actuated  by  this  water 
will  be  i^eBriv  in  proportion  to  the  quantity  of  water  expended. 

iVbi<e.— The  vnrtukl  or  effective  head  of  any  water  which  is 
movinff  with  a  certain  velocity,  is  that  height  from  which  a 
heavy  body  must  fall,  in  order  to  acquire  the  same  velocity. 

The  height  of  the  virtual  head,  therefore,  may  be  easily 
determined  from  the  vekxnty  of  the  water;  for  uie  heights 
are  as  the  square  oi  the  velocities,  and  the  velocities,  conse- 
quently, as  the  iiquare  roots  of  the  heights.  Mr.  Smeaton 
observed  the  velocity  of  the  effluent  water  in  all  his  experi- 
ments, mid  thence  odculated  the  virtual  head :  he  states,  that 
the  virtual  head  bears  no  proportion  to  the  real  head  or  depth 
of  water;  but  that  when  either  the  aperture  is  greater,  or 
when  the  velocity  of  the  water  issuing  therefrom  less^  Aey 
approach  neaier  to  a  coincidence ;  and  consequently,  in  the 
large  openings  of  mills  or  sluices,  where  great  quantities  of 
water  are  di^rharged  from  moderate  heads,  the  actual  head 
of  water,  aod  the  virtual  head,  as  determined  by  theory  from 
the  velocity,  will  nearly  agree. 

For  example  of  the  application  of  his  first  maxim.  Suppose 
a  mill  driven  by  a  &11  of  water  whose  virtual  head  is  five  feet, 
and  which  discharged  550  cubic  feet  of  water  per  minute, 
and  that  it  ia  ciqpable  of  grinding  four  bushels  of  wheat  in 
an  hour.  Now  another  mill,  having  the  same  virtual  head, 
but  which  discharges  1100  cubic  feet  of  water  per  minute, 
will  grind  eight  bushels  of  com  in  an  hour. 

Maxim  2.  Tliat  the  expense  of  water  being  the  same,  the 
effect  produced  by  an  undershot-wheel  will  be  nearly  in  jpro- 
portion  to  the  height  of  the  virtual  or  effective  head.  Tms  is 
proved  in  the  preceding  example. 

Moxim  3.  That  the  quantity  of  water  expended  being  the 
same,  the  effect  will  be  nearly  as  the  square  of  the  velocity  of 
the  water;  thai  is,  if  a  mill  driven  by  a  certain  quantity  of 
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water,  moving  with  the  velocity  of  18  feet  per  second^  is 
capable  of  grinding  four  bushels  of  com  in  an  hour^  anotiiw 
mill,  driven  by  the  same  quantity  of  water,  but  moving  with 
the  velocity  of  22^  feet  per  second,  will  grind  nearly  seven 
bushels  of  com  in  an  hour;  because  the  square  of  18  is  834, 
and  the  squivre  of  224  ^  506^,  Now,  say,  as  324  is  to  4 
bushels,  so  is  506^  to  6^-  bushels;  that  is  as  4  to  6f. 

Mcunm  4.  The  afierture  through  which  the  water  issues 
being  th^  same;,  the  effect  will  be  nearly  as  the  cube  of  the 
velocity  of  the  water  issuing;  that  is,  if  a  mill  driven  by  watw 
rushing  through  a  certain  aperture  with  the  velocity  of  18  feet 
per  second  wul  grind  four  bushels  of  com  in  an  hour,  another 
mill,  driven  by  water  moving  th|Y)ugh  the  same  aperture,  but 
with  the  velocity  of  22^  feet  per  second,  will  grind  51  bushels  $ 
for  the  cube  of  18  is  5832,  and  the  cube  of  22^  is  11390}; 
then  as  5832  is  to  4^  so  is  11390|  to  7}. 

Mcucim  5.  The  proportions  between  the  power  of  the 
water  expended,  and  the  efiEect  produced,  by  the  wlieel,  were 
3  to  !•  Upon  comparing  several  experiments,  Mr.  Smea- 
ton  fixed  the  proportions  between  them  for  large  works; 
that  is,  ii  the  weight  of  the  water  which  is  expended  in  any 
given  time  be  mumplied  by  the  height  of  the  &11,  and  if  the 
weight  raised  be  also  multiplied  by  the  height  through  which 
it  is  raised,  the  first  of  these  two  products  will  be  three  tfaxies 
that  of  Uie  second. 

McLxim  6.  The  best  general  proportions  of  velocities  be- 
tween the  water  and  the  floats  of  the  wheels  will  be  that  of 
5  to  2;  for  instance,  if  the  water  when  it  strikes  the 
wheel  moves  with  a  vdodty  of  18  feet  per  second,  the  wheel 
must  be  so  loaded  that  its  float-boaras  will  move  with  a 
velocity  of  7*2  feet  per  second,  and  the  wheel  will  then 
derive  the  greatest  power  from  the  water,  because  as  5  to 
18,  so  is  2  to  7.2. 

Maxim  7-  There  is  no  certain  ratio  between  the  load  that 
the  wheel  will  carry  when  producing  its  nuudmam  dt  effect^ 
and  the  load  that  will  tot^y  stop  it;  but  it  apjMtiaches 
nearest  to  the  ratio  of  4  to  3,  whenever  the  power  ex- 
erted by  the  wheel  is  greatest,  whether  it  arise  ixom  an 
increase  of  the  velocity,  or  bom  an  increased  quantity  of 
water;  and  this  proportion  seems  to  be  the  most  i^plicable 
to  large  works.  But  wh^n  we  know  the  effect  which  a  wheel 
ought  to  produce,  and  the  velocity  it  ought  to  move  with 
whilst  producing  that  effect,  the  exact  knowledge  of  the 
greatest  load  it  wil)  bear  is  of  very  little  consequence  in 
practice. 
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Maxim  8.  The  load  that  the  whed  ought  to  have^  in  order 
to  work  to  the  most  advanti^e,  can  be  always  assigned  flius: 
ascertain  the  power  of  the  whole  body  of  water^  by  multiply- 
iBg  the  weight  of  the  water  expended  in  a  mmute  by  the 
height  of  the  fall ;  taUe  one-third  of  the  product^  and  it  gives 
the  effect  of  power  which  the  wheel  ought  to  produce:  to 
find  the  load,  we  must  divide  this  product  by  the  vdkxiity 
which  the  wheel  should  have,  and  that,  as  we  have  before 
settled,  should  be  two-fiflfas  of  the  vek)city  with  which  the 
water  moves  when  it  strilces  the  wheel. 

In  the  application  of  these  principles  the  first  thing  to 
be  done  in  a  situation  where  an  undershot-wheel  is  intended 
to  be  fixed,  is  to  consider  whether  the  water  can  run 
off  dear  from  the  wheel,  ^  so  as  to  have  bo  back-water  to 
impede  its  motioa;  and  whether  the  fall  which  can  be 
obtained  by  constructing  Iei  prcqier  dam  to  pen  up  the 
water,  and  sluice  for  it  to  pass  through,  will  cause  it  to 
strike  the  float-boards  of  the  wheel  with  sufficient  velocity 
to  impel  them  forcibly  forwards;  and  also,  whether  the 
q^uaatity  of  the  simply  will  be  sufficient  to  keep  a  wheel 
at  work  for  a  certain  number  of  hours  each  day. 

When  we  have  ascertained  the  height  of  the  fall  of  water, 
that  is  the  height  of  the  surface  above  the  centre  of  the 
opening  of  the  sluice,  we  must  find  w^  will  be  the  con- 
tinual velocity  of  the  water  issuing  fron^  litidh  opening. 

In  some  cases,  we  have  the  velocity  of  the  water  given 
when  it  issues  from  the  opening  of  the  sluice,  and  we 
then  require  to  know  what  height  of  column  will  pro- 
duce that  velocity,  llbese  two  things  we  may  find  by  a 
single  rule,  and  an  easy  arithmetical  iteration,  which  is  as 
follows : 

1st.  The  perpendicular  height  of  the  fall  of  water  being 
given  iu  feet  and  decimals  of  feet,  the  velocity  that  the  water 
will  acquire  per  second,  expressed  in  feet  and  decimals,,  may 
be  fomid  by  the  following  rule : 

Multiply  the  constant  number  64.2882  by  the  given 
height,  and  the  square  root  of  the  product  is  the  velocity 
required. 

Exanq^le  1.  If  the  height  is  two  feet,  the  velocity  will  be 
found  11.34  feet  per  second. 

Example  2.  If  the  height  is  16jQ913  feet,  the  vdocity 
will  be  32.1826  feet  per  second. 

Example  3.  If  the  hdght  is  50  &et,  the  velodty  will  be 
ii6.68  ^^^^  second. 

iVo/r.— -The  velocities  thus  obtained  will  be  only  the  theo- 
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retic  velocity ;  that  is,  the  Telocity  any  body  would  acquire 
by  falling  through  such  height  in  vacuo;  the  velocity  in 
reality  will  be  less,  generally  six  or  seven  tenths. 

The  uniform  velocity  of  a  fluid  being  g^ven,  expressed  in 
feet  and  decimals  of  feet  per  second,  the  height  of  the  column 
or  ftU  to  produce  such  a  velocity  may  be  found  by  the 
following  nue: 

Multiply  thejnven  velocity  into  itself,  and  divide  the 
product  by  6iJlBB2;  the  quotient  will  be  the  height  required, 
expressed  in  feet  and  decimals. 

Eivample  I .  If  the  velocity  given  is  three  feet  per  second^ 
the  height  will  be  0.199  of  a  foot. 

Example  2.  If  the  velocity  riven  is  32.1826  feet  per 
second,  uie  height  will  be  found  16.0913  feet. 

Example  3.  Let  the  velocity  be  100  feet  per  second, 
the  height  wUl  be  155.694  feet. 

The  knowledge  of  the  foregoing  particulars  is  absolutely 
necessary  for  constructing  an  undershot  water-wheel;  but  the 
most  advantageous  method  of  setting  it  to  work,  and  to  find 
out  the  utmost  it  could  perform,  would  be  verv  difficult,  if 
we  were  not  furnished  with  the  maximum  which  Mr.  Smeaton 
settled,  by  showing,  that  an  undershot  water-wheel  will  act 
to  the  greatest  advantage  when  the  velocity  of  its  float-boards 
is  equid  to  two-fifths  of  four-tenth  parts  of  that  of  the  watef^ 
which  gives  it  n^otioti. 

Lambert's  watbrtWhebl, 

In  1819,  Mr.  Lambert,  of  Prince's-street,  Leicester-square, 
obttuned  a  patent  for  an  improvement  in  the  water-wheel, 
which  he  thus  describes  i 

*^  My  improved  water-wheel,  as  shown  in  figs.  85,  86,  and 
87^  represents  the  paddles  standing  in  ^  vertical  position  to 
the  surface  of  the  water  through  which  they  are  to  pass,  and 
in  whatever  situation  or  direction  the  wheel  either  rests  or 
moves,  the  paddles  preserve  the  same  vertical  position. 
The  great  advantage  derived  from  the  paddles  of  a  water- 
wheel  entering  and  quitting  the  water  tnrough  which  such 
wheel  revolves  in  a  perpendicular  direction,  has  long  been 
admitted  to  be  a  most  important  and  desirable  measure  in 
that  class  of  water-wheels'  known  and  called  by  engineers 
undershot-wheels,  either  for  water-mills  or  for  navigable  pur 
poses.  The  benefit  of  working  the  paddles  of  such  wheels 
in  a  vertical  position  is  not  only  the  superior  hold  and  pressure 
which  the  water  takes  on  the  paddles  or  floats  of  such  wheels* 
Jait  the  very  little  back-water  which  they  create  on  leaving 
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it.  The  principle  of  this  improvement  is  to  make  the  lower 
paddles  recede  from  the  centre  of  the  axle  and  to  the  arms 
to  which  they  are  attached,  while  the  upper  paddles  proceed 
to  the  centie  of  the  axle  in  equal  distances  as  the  others 
recede;  and  in  the  rotation  of  the  wheel,  every  paddle  passes 
through  the  various  evolutions  and  positions  to  which  every 
revolution  of  the  wheel  subjects  each  paddle.  The  lower 
paddles  describe  a  greater  radius  of  a  circle  than  the  upper 
paddles,  and  thereby  travel  at  an  increased  velocity,  or  rather 
tbey  pass  at  their  extreme  points  through  a  greater  space  in 
the  same  period  of  time;  this  eflfect  renders  the  lower  half  of 
the  wheel  heavier  than  the  upper,  by  the  eccentric  position 
of  the  paddles,  and  the  flat  ring  oi  iron  to  which  they  are 
attached,  and  it  also  increnses  the  speed  of  any  naviffable 
body  through  the  water  to  which  such  wheels  are  applied. 

^igs.  85,86,  and  87,  are  views  of  my  improved  whed  with 
one  paddle,  as  in  fig.  85,  at  its  greatest  depth  in  the  winter; 
B,  B,  B,  B,  is  one  of  the  iron  arm  frames  to  which  one  epd  of 
the  paddles  C,  C,  C,  €»  C,  C,  are  attached  by  the  joint-pins 
I>^D,D,p,D,D,  to  the  arm  frames  B,  B,B,B.    E£  is  the 
flat  iron  ring  or  eccentric  circle,  to  which  the  other  ends  of 
the  paddles  are  attached  by  simile  joint-pins  F,  F,  F,  F,  F,  F, 
G  G,  are  the  iron  guard  or  guide-^Uers,  ^  section  of  one  of 
whidi  is  shown  at  %•  88,  wUch  may  either  revolve  on  fixed 
axles,  or  these  Kdlers  may  be  fixed  on  revolving  ipdes,  which- 
ever is  most  convenient.    The  objept  of  these  rollers  is,  to 
keep  the  iron  circle  £  £  in  its  proper  situation,  which  is  an 
eqiud  distant  position  from  the  centre  of  the  wheel-shaft  in  a 
longitndinal  direction,  and  eccentric  in  a  vertical  position  to  the 
shaft  A.    Tliese  rollers  must  be  placed  apart  fron^  each  other, 
a  distance  exactly  equal  to  the  diameter  of  the  iron  circle 
EE,  consequently  the  rollers  GG  must  be  placed  in  a  line 
throo^  the  centre  of  the  circle  ££  and  which  will  allow 
this  circle  to  rub  and  give  motion  to  the  rollers  G  G,  at  the 
speed  it  revolves.    The  drde  £  E,  forms  an  eccentric  course, 
while  it  rube  on  every  part  of  its  periphery  against  the  rollers 
G  G.    Thiscirde  £  £  may  be  formed  witii  teeth  like  the  rim 
of  a  cog-wheel,  and  in  that  case  the  rollers  G  Q  may  either 
one  or  both  of  them  be  formed  into  spur  pinions  to  fit  the 
teeth  of  the  circle  £  £,  which  would  be  a  quick  and  simple 
mode  for  my  Improved  waterrwheel  to  work  machinery.    I 
sometJmes  use  two  flat,  hardened  steel  springs,  as  shown  in 
fig.  89,  instead  of  the  rollers  GG,  to  keep  the  circle  £E  ia 
lis  proper  place;  and  in  certain  situations  they  will  be  founc( 
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to  answer  very  welL    Greajt  care  must  be  taken  to  make  t\m 
joint  pin-holes  in  the  iron  frames  B,  B,  B,  B,  exactly  an  equal 
distance  apart  from  each  other;  and  it  must  also  be  observed 
in  piercing  or  drilling  the  joint  pin-holes  in  the  circle  £  £, 
that  they  correspond  with  the  holes  made  in  the  arm  frame9 
B^B^BjB,^  It  will  be  always  advisable  to  drill  both  the 
arm  frames^'  B^  B^  B,  B,  and  the  circle  £  £,  together^  that  the 
joint  pin-holes  in  all  three  may  correspond  exactly  with  each 
other,  and  particularly  from  the  centre  of  each.    The  joiai 
pin-holes^  in  the  padcUe-plates  or  floats,  should  also  be  n^de 
to  correspond  with  each  other;  and  it  is  the  distance  of  the 
holes  from  D  to  F  in  the  paddles  C  C,  as  shown  at  fig.  90, 
which  determioe  the  eccentricity  of  the  course  of  the  iron 
ring  £  £;  and  it  b  by  connecting  these  paddles  at  D  to  the 
arm  frames  B,B,B,B,  and  at  F  to  the  ring  ££,  which  iu 
the  rotation  of  the  whole  by  the  axle  A,  and  by  keeping  the 
circle  £  £  in  its  proper  situation  as  before  described,  dither 
by  the  rollers  G  G,  or  when  the  springs  H  H  are  snbstitated 
for  the  rollers,  that  the  paddles  always  preserve  a  vertical 
pofiition  to  the  sui&ce  of  the  water,  ana  which  cause  the 
upper  paddles  to  approach,  whilst  the  lower  paddles  recede 
from  the  centre  of  the  axle  A.    Fig.  86  represents  a  view  of 
the  wheel  combined  with  all  the  paddles  connected  to  both 
frames  of  the  wheel,  with  the  iron  ring  or  circle  ££  jdaced 
in  the  middle  of  the  frames  and  between  the  sides  of  the 
paddles,  with  the  joint-pins  in  their  proper  places,  with  the 
two  lower  paddles  at  their  most  extended  distance  from  the 
centre  of  axle  A,  whilst  the  two  upper  paddles  are  brought 
to  their  nearest  situation  to  that  axle;  the  joint-pins  mint 
either  have  nuts  and  screws,  or  other  proper  iMtenings,  ta 
keep  them  in  their  several  places,  or  split  keys,  the  latter  of 
which  I  decidedly  prefer.    The  axle  A  must  be  properly 
placed  and  secured  in  the  iron  framea  B^  B,  B,  B,  in  any  of 
the  ordinary  modes  which  an  experienced  and  skilfiil  workman 
will  adopt.    The  number  of  sets  of  paddles  or  floats  for  any' 
one  wheel  must  be  determined  according  to  the  magnitude 
and  duty  of  such  wheel;  it  is  the  general  construction. and 
combination  as  described,  which  constitute  my  improved 
wheel,  and  not  the  number  of  the  paddles  or  floats,  or  their 
magnitude.    I  should^  however,  never  recommend  less  thaa 
six  sets  of  paddles  or  floats  to  be  conriiined  in  any  wheel 
made  on  the  pliui  of  my  improved  wheel,  althou^  I  am  aware 
it  would  act  with  a  leas  number,  but  not  so  advantageously. 
The  same  letters  in  figs.  85,  86,  and  87»  represent  the 
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parts  m  dther  of  these  figures,  and  as  &r  as  any  of  the  tumilar 
parts  are  shown  in  figs.  88^  89,  and  90,  the  letters  and 
characters  also  distinguish  them. 

THB  OVBRSHOT-WHEBL. 

This  wheel  consists  of  a  frame  of  open  buckets,  placed 
round  the  rim  of  a  vertical  wheel,  to  receive  the  water 
from  a  spout  placed  over  it,  so  that  the  buckets  on  the 
one  side  shall  be  always  loaded,  while  those  on  the  opposite 
side  are  empty.  The  loaded  side  wUl  of  course  descend, 
and  the  wheel  in  its  revolution  will  bring  the  empty  buckets 
under  the  spout,  to  be  in  their  turn  filled  vrfth  water. 

The  principal  thing  to  be  attended  to  in  the  construction 
of  this  wheel  is  to  have  the  buckets  of  such  a  form  as  will 
retain  the  water  along  the  greatest  circumference  of  the 
wheel :  and  as  this  is  a  thing  not  easily  to  be  accon^Hshed, 
numerous  contrivances  have  been  resorted  to  by  mill-wrights 
to  determine  the  best  possible  form. 

Fig.  91  is  the  outline  of  a  wheel  having  40  buckets.  The 
ring  of  board  cont^ed  between  the  concentric  circles  QD  S 
and  PAR,  making  the  ends  of  the  buckets,  is  called  the 
shrouding,  and  Q  P  the  depth  of  shrouding.  The  inner  circle 
P  A  R  is  called  the  sole  of  the  wheel,  and  usually  consists  of 
boards  nailed  to  strong  wooden  rings  of  compass  timber  of 
considerable  scantling,  firmly  united  with  the  arms  or  radii. 
Hie  partitiims,  which  determine  the  form  of  the  buckets, 
consist  of  three  different  planes  or  boards,  A B,  B C,  CD, 
which  are  variously  named  by  different  artists.  We  have 
heard  them  called  the  start  or  shoulder,  the  arm,  and  the 
wrest:  (probably  for  wrist,  on  account  of  a  resemblance  of 
the  whole  line  to  the  hmnan  arm:)  B  is  also  called  the 
jdbow. 

flg«  92  represents  a  small  portion  of  the  same  bucketing 
on  a  larger  scale,  that  the  proportion  of  the  parts  may  be 
more  distinctly  seen.  AG  the  sole  of  one  bucket  is  made 
about  i-  more  than  the  depth  G  H  of  the  shrouding.  The 
start  A  B  is  i  of  A  L  Tie  plane  B  C  is  so  inclined  to  A  B 
that  it  would  pass  through  H ;  but  it  is  made  to  terminate  in 
C,  in  such  a  mann»  that  F  C  is  iths  of  G  H  or  A  I.  Then 
C  D  is  so  placed  that  HD  is  about  ith  of  I H. 

By  this  construction  it  follows  that  the  area  F  A  B  C  is 
very  neariy  equal  to  D  A  B  C;  so  that  the  water  which  will 
fiU  the  space  FABC  will  all  be  contained  in  the  bucket 
when  it  snah  come  into  such  a  position  that  A  D  is  a  hori- 
;a>ut9l  line;  and  the  line  AB  will  then  make  an  angle  of 
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35°  with  the  vertical^  or  the  bucket  will  be  35^  from  the 
perpendicular^  passing  through  the  axis  of  motion.  If  the 
bucket  descend  so  much  lower  that  one  half  of  the  water  runs 
out,  the  line  A  B  will  make  an  angle  of  25°  or  24^  neaiiy 
with  the  vertical.  Therefore  the  wheel,  filled  to  the  degree 
now  mentioned^  will  begin  to  lose  water  at  about  ^th  of  the 
diameter  from  the  bottom,  and  half  of  the  water  will  be 
discharged  firom  the  lowest  bucket,  about  -iVth  of  the  diame- 
ter fiutiier  down.  Had  a  greater  proportion  of  the  buckets 
been  filled  with  water  when  they  were  under  the  spout^  the 
*  discharge  would  hare  begun  at  a  greater  height  from  the 
bottom,  and  we  should  lose  a  greater  portion  of  the  whole 
&11  of  water.  The  loss  by  the  present  construction  is  less 
than  Tvth,  (supposing  the  water  to  be  delivered  into  the  wheel 
at  the  very  top,)  and  may  be  estimated  at  about  i^th;  for  the 
loss  is  the  versed  sine  of  the  angle  which  the  radius  of  the 
bucket  make  with  the  vertical.  The  versed  sine  of  ^b^  is 
nearly  fth  of  the  radius,  being  0.18065,  or  -^th  of  the  dia- 
meter. It  is  evident,  that  if  only  ^  of  this  water  were  supplied 
to  each  bucket  as  it  passes  the  spout,  it  would  have  been 
retained  for  10°  more  of  a  revolution,  and  the  loss  of  fall 
would  have  only  been  about  -i^th. 

These  observations  serve  to  show  in  general,  that  an 
advantage  is  gained  by  having  the  buckets  so  capacious  that 
the  quantity  of  water  which  each  can  receive  as  it  passes  the 
spout  nuty  not  nearly  fill  it.  Thb  may  be  accomplished  by 
wising  them  of  a  sufficient  length,  that  is,  by  making  the 
wheel  sufficiently  broad  between  the  two  shroudings. 

Mr.  Robert  Bums,  of  Cartside,  in  Renfrewshire,  has  made 
what  appeared  to  be  a  very  considerable  improvement  in  the 
construction  of  the  bucket.  The  principle  of  this  improve- 
ment consisted  in  dividing  the  bucket  by  a  partition  of  such 
a  heighl^  that  the  inner  and  outer  portions  of  the  bucket  ou 
^ach  side  were  nearly  of  equal  capacity.  See  fig.  93.  The 
bucket  consisted  of  a  start  A  B,  an  arm  B  C,  and  a  wrest  C  D, 
concentric  with  the  rim,  and  was  divided  by  the  partition  LM. 
conceptric  with  the  «ole  and  rim.  If  these  buckets  be  filled 
pne-third,  they  will  retun  the  whole  of  die  water  at  IS*",  and 
the  half  at  11°,  from  the  bottom.  These  advantages  how- 
ever were  found  to  be  counterbalanced  by  disadvantages ;  and 
Mr.  Bums  did  never,  we  believe,  put  the  constraction  in 
practice. 

^  The  velocity  of  an  overshot-*  wheel  is  a  matter  of  very  great 
nicety;  and  authors,  both  speculative  and  practical^  have 
^rived  4t  very  difierent  conclusions  respecting  it.    M.  Be-* 
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lidoi  very  stiaiigely  maintains,  that  there  is  a  certain  velocity 
related  to  that  obtainable  by  the  whole  fall,  which  will 
procure  to  an  overshot-wheel  the  neatest  performance. 
Desagttliers,  Smeaton,  Lambert,  De  Farcieux,  and  others, 
maintain,  that  there  is  no  such  relation,  and  that  the  perform- 
ance of  an  pTcrshot-wheel  will  be  the  greater,  as  it  moves 
more  slowly  by  an  increase  of  its  load  of  work.  Belidor 
again  states,  that  the  active  power  of  water  lying  in  a  bucket- 
wheel  of  any  diameter  is  equal  to  the  impulse  of  the  same 
water  on  the  floats  of  an  undershot-wheel,  when  the  water 
issues  from  a  sluice  in  the  bottom  of  the  dam.  The  other 
writers  whom  we  have  named  assert,  that  the  energy  of  an 
undershot-wheel  is  but  one  half  of  that  of  an  overshot,  actuated 
bv  the  same  quantity  of  water  falling  from  the  same  height. 
The  most  generally  received  opinion  is,  that  the  overshot- 
wheel  does  the  more  work,  as  it  moves  slower;  and  the 
following  is  the  reasoning  adduced  to  prove  it.  Suppose 
that  a  wheel  has  30  buckets,  and  that  six  cubic  feet  of  water 
are  delivered  in  a  second  on  the  top  of  the  wheel,  and  dis- 
charged, without  anv  loss  by  the  way,  at  a  certain  height 
from  the  bottom  of  the  wheel.  Let  this  be  the  case,  whatever 
is  the  rate  of  the  wheel's  motion,  the  buckets  being  of  a 
sufficient  capacity  to  hold  all  the  water  which  fells  into  them. 
Suppose  this  wheel  employed  to  raise  a  weight  of  any  kind, 
water  for  instance,  in  a  chain  of  30  buckets,  to  the  same 
altitude  and  with  the  same  velocity.  Suppose,  further,  that 
when  the  load  on  the  rising  side  of  the  machme  is  one  half 
of  that  on  the  wheel,  the  wheel  makes  four  revolutions  in  a 
minute,  or  one  turn  in  15  seconds.  During  this  time  90 
cubic  feet  of  water  will  have  flowed  into  the  §d  buckets,  and 
each  have  received  three  cubic  feet.  In  that  case  each  of  the; 
rising  buckets  contains  1^  feet;  and  45  cubic  feet  are  deli- 
vered into  the  upper  cistern  during  one  turn  of  the  wheel, 
and  180  cubic  feet  in  one  minute. 

Now,  suppose  the  machine  so  loaded,  by  making  the  rising 
buckets  more  capacious,  that  it  makes  only  two  turns  in  a 
minnte,  or  one  turn  in  30  seconds;  then  each  descending 
bucket  must  contain  six  cubic  feet  of  water.  If  each  bucket 
on  the  rising  side  contained  three  cubic  feet,  the  motion  of  the 
machme  would  be  the  same  as  before.  This  is  a  point  none 
will  controvert.  When  two  pounds  are  suspended  to  one 
end  of  a  string  which  passes  over  a  pulley,  and  one  pound  to 
the  other  end,  the  velocity  of  descent  of  the  two  pounds  will 
be  the  same  with  that  of  a  four  pound  weight,  which  is 
employed  in  the  same  manner  to  draw  up  two  pounds.    Our 
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machine  would  therefore  continue  to  make  four  tufns  in  a 
minute,  and  would  deliver  90  cubic  feet  during  each  turn, 
and  360  in  a  minute.  But,  by  supposition,  it  is  making  only 
two  turns  in  a  minute ;  which  must  proceed  from  a  greater 
load  than  three  cubic  feet  of  riding  water  in  each  rising 
bucket.  The  machine  must,  therefore,  be  raising  more  than 
90  feet  of  water  during  one  turn  of  the  wheel,  and  more  than 
180  in  a  minute. 

Thus  it  appears  that  if  the  machine  is  turning  twice  as 
slow  as  before,  there  is  m(A^  than  ttvice  the  former  quantity 
in  the  rising  buckets;  and  more  will  be  raised  in  a  minute  Dy 
the  same  expenditure  of  power.  In  like  manner,  if  the 
machine  go  three  times  as  slow,  there  must  be  more  than 
three  times  the  former  quantity  in  the  rising  buckets,  and 
more  work  will  be  done. 

But  further  we  may  assert,  that  the  more  we  retard  the 
machine  to  a  certain  practical  extent,  by  loading  it  with  more 
work  of  a  similar  kind,  the  ^eater  will  be  its  performance ; 
and  the  truth  of  the  assertion  may  be  thus  demonstrated. 
Ijet  us  call  the  first  quantity  of  water  in  the  rising  bucket, 
Q;  the  water  raised  by  four  turns  in  a  minute  will  be  4  x  30 
X  Q  =  120  Q.  The  quantity  in  this  bucket,  when  the  ma- 
chine goes  twice  as  slow,  has  been  shown  to  be  greater  than 
2Q;  call  it  2Q  +  x;  the  water  raised  by  two  turns  in  a 
minute  will  then  be  2  x  30  x  (2Q  +  x)  =  120  +  60 x. 
Suppose  next,  the  machine  to  go  four  times  as  slow,  making 
but  one  turn  in  a  minute;  the  rising  bucket  must  now 
contain  more  than  twice  the  quantity  2  Q  +  or,  or  more  than 
4 Q  +  2^,  call  it  4 Q  +  2;r  +  y.  The  work  done  by  one 
turn  in  a  minute  will  now  be  30  x  (4Q  +  2^  +  y)  =  12© 
Q  +  60  X  +  30  y .  By  such  an  induction  of  the  work  accom- 
plished, with  any  rates  of  motion  we  choose,  it  is  evident 
that  the  performance  of  the  machine  increases  with  every 
diminution  of  its  velocity  that  is  produced  by  the  mere  addi- 
tion of  a  similar  load  of  work,  or  that  it  does  the  more  work 
the  slower  it  goes.  This,  however,  is  abstracting  from  the 
effects  of  the  friction  upon  the  gudgeons  of  the  wheel,  a 
cause  of  resistance  which  increases  with  the  load,  though 
not  in  the  same  ratio. 

We  have  also  supposed  the  machine  to  be  in  its  state  of 
permanent  uniform  motion.  If  we  consider  it  only  in  the 
beginning  of  its  motion,  the  result  is  still  more  in  mvour  of 
slow  motion :  for,  at  the  first  action  of  the  moving  power,  the 
inertia  of  the  machine  itself  consumes  part  of  it,  and  it  acqmres 
its  permanent  velocity  by  degrees,  during  which  tiie  resist- 
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uices  arifling  firom  the  work,  friction,  &c^  increase,  till  they 
exactly  balance  the  pressure  of  the  water ;  and  after  this  the 
machine  no  longer  accelerates.  Now,  the  greater  the  power 
and  the  reristance  arising  from  the  work  are,  in  proportion 
to  the  inertia  of  the  machine,  the  sooner,  it  is  obvious,  will  it 
arrive  at  Its  state  of  permanent  velocity. 

The  preceding  discussion  only  demonstrates  in  general  the 
advantage  of  slow  motion;  but  does  not  point  out  in  any 
degree  the  relation  between  the  rate  of  motion  and  the  woik 
perfonned,  nor  even  the  principles  on  which  it  depends.  But 
this  is  not  necessary  for  the  improvement  of  practical  me- 
chanics. It  is,  however,  manifest,  that  there  is  not,  in  the 
nature  of  things,  a  maximum  of  performance  attached  to  any 
patticuhur  rate  of  motion  which  should,  on  that  account,  be 
preferred.  All,  therefore,  that  we  have  to  do,  is  to  load  the 
maclune,  and  thus  to  diminish  its  speed,  unless  other  physical 
circumstances  throw  obstacles  in  the  way :  for  there  are  such 
obstacles,  as  in  aU  macUnes  there  are  certain  inequalities  of 
action  tiiat  are  unavoidable.  In  the  action  of  a  wheel  and 
pinion,  though  made  witii  the  utmost  judgment  and  care, 
there  are  such  inequalities.  These  increase  by  the  changes 
of  form  occasioned  by  the  wearing  of  the  machine ;  and  much 
greater  iitegularities  arise  from  the  subsultory  motions  of 
cranks,  stampers,  and  otiier  parts  which  move  unequally  or 
reciprocally.  A  madiine  may  be  so  loaded  as  just  to  be  in 
equUibrio  with  its  worit,  in  the  Beivourable  position  of  its 
parts :  and  when  this  changes  into  one  less  fevourable,  the 
tnachine  may  stop,  or,  at  all  events,  hobble  and  work  un- 
equally. The  rubbing  parts  thus  bear  long  on  each  other, 
with  enormous  pressures,  cut  deep  into  each  other,  and 
increase  friction:  therefore  such  slow  motions  should  be 
avoided.  A  little  more  velocity  enables  the  machine  to  over- 
come those  increased  resistances  by  its  inertia,  or  the  great 
quantity  of  motion  inherent  in  it.  Great  machines  possess 
tins  advanti^e  in  a  superior  degree,  and,  consequently,  will , 
work  steadily  with  a  smaller  velocity. 

Mr.  Smeaton,  in  his  Experimental  Inquiry,  previous  to 
examining  into  the  power  and  application  of  water,  when 
acting  by  its  gravity  on  overshot-wneek,  says,  ^^  In  reasoning 
without  experiment,  one  might  be  led  to  imagine,  that  how- 
ever liferent  the  mode  of  application  is,  yet  that  whenever 
the  same  quantity  of  water  descends  through  the  same  per- 
pendicular space,  that  the  natural  effective  power  would  be 
equal,  supposing  the  machinery  free  from  friction,  equally 
calculated  to  receive  the  full  effect  of  the  power,  and  to  make 
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the  most  of  it:  for  if  we  Buppose  the  height  of  a  column  ot 
water  to  be  30  inches^  and  resting  upon  a  base  or  aperture 
one  inch  square,  every  cubic  inch  of  water  that  departs  there- 
from will  acquire  the  same  velocity  or  momentum^  from  the 
uniform  pressure  of  30  inches  above  it,  that  one  cubic  inch 
let  fall  from  tlie  top  will  acquire  in  Sedling  down  to  the  level 
of  the  aperture :  one  would  therefore  suppose,  that  a  cubic 
inch  of  water,  let  fall  through  a  space  of  30  inches,  and  there 
impinging  upon  another  body,  would  be  capable  of  producing 
an  equal  effect  by  collision,  as  if  the  same  cubic  inch  had 
descended  through  the  same  space  with  a  slower  motion,  and 
produced  its  effects  gradually.  But  however  conclusive  this 
reasoning  may  seem,  it  will  ^pear,  in  the  course  of  the 
following  deductions,  that  the  eflfect  of  the  gravity  of  descend- 
ing bodies  is  very  different  from  the  effect  of  stroke  of  such 
as  are  non^elastic^  though  generated  by  an  equal  mechanical 
power." 

When  Mr.  Smeaton  had  finished  his  experiments  on  under- 
shot mills,  he  reduced  the  number  of  floats  on  the  wheel, 
which  were  originally  24,  to  12  3  which  caused  a  diminution  in 
the  effect,  on  account  of  a  greater  quantity  of  water  escaping 
between  the  floats  and  the  floor:  but  a  circular  sweep  being 
adapted  thereto,  of  such  a  length,  that  one  float  entered  the 
curve  before  the  preceding  one  quitted  it,  the  effect  came  so 
near  that  of  the  former,  as  not  to  give  any  hopes  of  advanc- 
ing it  by  increasing  the  number  of  floats  beyond  24  in  this 
particular  wheel. 

In  these  experiments  the  head  was  six  inches,  and  the 
height  of  the  wheel  24  inches,  so  that  the  whole  descent  was 
30  inches :  the  quantity  of  water  expended  in  a  minute  was 
96ipounds,  which,  multiplied  by  30  inches,  gives  the  power 
=  2900.  After  msddng  the  proper  calculations,  the  effect  was 
computed  at  1914;  the  ratio  therefore  otXh^  power  and  effect 
will  be  as  2900  :  1914,  or  as  10  :  6.6,  or  as  3  to  2  nearly. 
But  if  we  compute  the  power  from  the  height  of  the  wheel 
only,  we  shall  have  9(H  pounds,  nmltiplied  by  24  inches 
=  2320  for  the  power,  and  this  will  be  to  the  effect  as 
2320  :  1914,  or  as  10  :  82,  or  as  5  to  4  nearly. 

From  another  set  of  experiments  the  following  ccmclusions 
were  deduced : 

I.  The  effective  power  of  the  water  must  be  reckoned 
upon  the  whole  descent,  because  it  must  be  raised  that 
height  in  order  to  produce  the  same  effect  a  second  time 
The  ratios  between  the  powers  so  estimated,  and  the  effects 
at  the  maximum^  differ  nearly  from  that  of  10  to  7-6,  to  that 
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tyf  10  to  b3y  that  is  nearly  from  4.3  to  42.  In  those  expe- 
riments where  the  heads  of  water  and  quantities  expenaed 
are  least,  the  proportion  is  nearly  as  4  to  3;  but  where  the 
heads  and  quantities  are  greatest,  it  approaches  nearer  to 
that  of  4  to  2;  and  by  a  medium  of  the  whole,  the  ratio  is 
that  of  3  to  2  nearly.  Hence  it  appears,  that  the  effect  of 
oyershot^wheels  is  nearly  double  to  that  of  the  undershot, 
and,  by  consequence,  that  non^  elastic  bodies,  when  acting 
by  their  impulse  or  collision,  communicate  onl^  a  part  of 
their  original  power,  the  remainder  being  spent  in  changing 
tiieir  figure  in  consequence  of  the  stroke.  The  ultimate 
conclusion  is,  that  the  effects,  as  well  as  the  powers,  are  as 
the  quantities  of  water  and  perpendicular  heights  multiplied 
together  respectively. 

2.  By  increasing  the  head  from  3  to  11  inches,  that  is,  the 
whole  descent  from  27  inches  to  35,  or  in  the  ratio  of 
7  to  9  nearly,  the  effect  is  advanced  no  more  than  in  the 
ratio  of  8.1  to  8.4,  that  is,  as  7  to  7*26;  and  consequently 
the  increase  of  effect  is  not  one-seventh  of  the  increase  of 
perpendicular  height.  Hence  it  follows,  that  the  higher  the 
wheel  is  in  proportion  to  the  whole  descent,  the  greater  ivill 
be  the  effect ;  because  it  depends  less  upon  the  impidse  of 
the  head,  and  more  upon  the  gravity  of  the  water  in  the 
buckets:  and  if  we  consider  how  obliquely  the  water  issuing 
from  the  head  must  strike  the  buckets,  we  shall  not  be  at  a 
loss  to  account  for  the  little  advantage  that  arises  from  the 
impulse  thereof,  and  shall  immediately  see  of  how  little  con- 
sequence this  impulse  is  to  the  effect  of  an  overshot-wheel. 
This,  however,  like  other  things,  is  subject  to  limitation,  for 
it  is  desirable  that  the  water  should  have  somewhat  greater 
velocity  than  the  circumference  of  the  wheel,  in  coming 
thereon ;  otherwise  the  wheel  will  not  only  be  retarded  by 
the  buckets  striking  the  water,  but  a  portion  of  the  power 
will  be  lost  by  the  water  dashing  over  the  buckets. 

3.  To  determine  the  velocity  which  the  circumference  of 
the  wheel  ought  to  have  in  order  to  produce  the  greatest 
effect,  Mr.  Smeaton  observes,  that  the  slower  a  body  descends, 
the  greater  vrill  be  the  portion  of  the  action  of  gravity  appli- 
cable to  the  producing  a  mechanical  effect,  and,  in  consequence, 
the  greater  will  be  the  effect.  If  a  stream  of  water  fells  into 
the  bucket  of  an  overshot-wheel,  it  is  there  retained  till 
the  wheel  by  moving  round  discharges  it,  and  consequently 
the  slower  the  wheel  moves,  the  more  water  each  bucket 
will  receive:  so  that  what  is  lost  in  speed,  is  gained  by  the 
pressure  of  a  greater  quantity  of  water  acting  in  the  buckets 


82  THE  OPER^TIVB  MBCHANIC 

at  once.  From  th^  exp^tneots,  however.  It  speared,  that 
when  the  wheel  made  about  20  turns  ^l  ^  mipute,  the  effect 
was  near  upon  the  greatest.  When  it  loade  30  tums,  tbe 
effect  was  dimiuisbed  about  Vath  par<;;  and  that  when  it 
made  40,  it  was  diminished  about  i;  wh(^  it  made  less  than 
18ij  its  motion  was  irregular;  and  when  it  was  loaded  so  as 
not  to  admit  its  making  ^8  turns,  the  wheel  was  orevpowered 
by  its  load.  It  is  an  Mvantage  in  practice,  thaA  the  velocity 
of  the  wheel  should  not  be  diminished  further  than  will  pro- 
cure some  solid  advantage  in  point  of  power,  because  oBieris 
paribus,  as  the  motion  is  slower,  the  buckets  must  be  made 
larger,  and  the  wheel  being  more  loaded  with  water,  tbe 
stress  upon  every  part  of  the  work  will  be  increased  in  pro- 
portion. The  best  velocity  for  practice,  therefore,  will  be 
such,  as  when  the  wheel  made  30  turns  in  a  minute,  that  is, 
when  the  velocity  of  the  circumference  is  a  httle  more  than 
three  feet  in  a  second.  Experience  confirms  that  this  velo^ 
city  of  three  feet  in  a  second  is  applicable  to  the  highest 
overshot- wheels,  aa  well  as  the  lowest ;  and  all  other  parts  of 
the  work  being  properly  adapted  thereto,  will  produce  very 
nearly  the  greatest  effect  possible ;  it  is  also  determined  by 
experience,  that  high  wheels  may  deviate  further  from  this 
rule,  before  they  will  lose  their  power,  by  a  given  aliquot 

fart  of  the  whole,  than  low  ones  can  be  admitted  to  do. 
or  a  wheel  of  24  feet  high  may  move  at  the  rate  of  six  feet 
per  second  witliout  losing  any  part  of  its  power;  and,  on 
the  other  hand,  the  author  had  seen  a  wheel  of  33  feet  high 
that  moved  very  steadily  uid  well,  with  a  velocity  but  little 
exceeding  two  feet.  The  reason  of  the  superior  velocity  of 
the  24  feet  wheel  seems  to  have  been  owing  to  the  small 
proportion  that  the  head,  requisite  to  give  the  water  the 
proper  velocity  of  the  wheel,  bears  to  the  whole  height. 

4.  The  maximum  load  for  an  overshot-wheel,  is  that  which 
reduces  the  circumferences  of  the  wheel  to  its  proper  velocity; 
which  will  be  known  by  dividing  the  effect  it  ought  to  pro- 
duce in  a  given  time,  by  the  space  intended  to  be  described 
by  the  circumference  of  the  wheel  in  the  same  time;  the 
quotient  will  be  the  resistance  overcome  at  the  circumference 
of  the  wheel,  and  is  equal  to  the  load  reqmred,  the  friction 
and  resistance  of  the  machinery  included. 

5.  The  greatest  velocity  of  which  the  circumference  of  an 
overshot-wheel  is  capable,  depends  jointly  upon  the  diameter 
of  the  height  of  the  wheel,  and  the  velocity  of  &lling  bodies ; 
for  it  is  plain  that  the  velocity  of  the  circwnference  can 
never  be  greater  than  to  describe  a  semi^circumference 
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wbUe  a  body  let  fall  from  the  top  of  the  wheel  wiil  descend 
through  ita  diameter;  nor  even  quite  so  great,  as  a  body 
descending  through  the  same  perpendicular  space  cannot 
perform  the  same  in  so  small  a  time  when  pasmng  thtongh  a 
semi-drde  as  would  be  done  in  a  perpendicular  line.  Tnus, 
if  a  wheel  is  16  feet  one  inch  in  diameter,  a  body  will  fall 
through  it  in  one  second:  this  wheel  therefore  can  never 
arrive  at  a  velocity  equal  to  the  making  one  turn  in  two 
seconds;  but,  in  reality,  an  ovei^ot- wheel  con  never  come 
near  this  velocity ;  for  when  it  acquires  a  certain  speed,  the 
greatest  part  of  the  water  is  prevented  from  entering  the 
buckets^  and  the  rest,  at  a  certain  point  of  its  descent,  is 
thrown  out  ogain  bj^  the  centrifugal  force.  As  these  circum- 
stances depend  chiefly  upon  the  form  of  the  buckets^  the 
utmost  velocity  of  overshot-wheels  cannnot  be  generally 
determined;  and,  indeed,  it  is  the  less  necessary  in  practice^ 
as  it  is  in  this  circumstance  incapable  of  producing  any 
mechanical  effect. 

6.  The  greatest  load  an  overshot-wheel  will  overcome, 
considered  abstractedly,  in  unlimited  or  infinite;  for  as  the 
buckets  may  be  of  any  given  capacity,  the  more  the  wheel  is 
loaded,  the  slower  it  turns,  but  the  slower  it  turns,  the  more 
will   the  buckets  be  filled  with  water;  and,  consequently, 
though  the  diameter  of  the  wheel  and  quantity  of  water 
expended  are  both  limited,  yet  no  resistance  can  be  assigned, 
which  it  is  not  able  to  overcome ;  but  in  practice  we  always 
meet  with  something  that  prevents  our  getting  into  infinitesi- 
mals.   For  when  we  really  go  to  work  to  build  a  wheel,  the 
buckets  must  necessarily  be  of  some  given  capadty,  and 
consequently  such  a  resistance  will  stop  the  wheel,  as  it  is 
equal  to  the  effort  of  all  the  buckets  in  one  semi-circum- 
ference  filled    with  water.     The  structure  of  the  buckets 
being  ^ven,  the  quantity  of  this  effort  may  be  assigned,  but 
is  not  of  much  consequence  in  practice,  as  m  this  case  also 
the  wheel  loses  its  power ;  for  though  here  is  the  exertion 
of  gravity  upon  a  given  quantity  of  water,  yet  being  pre- 
vented  by  a   counterbalance  from  moving,   is  capable  of 
prodncing  no  mechanical  effect,  according  to  our  definition. 
But,  in  reality,  an  overshot-wheel  generally  ceases  to  be 
iiseM  before  it  is  loaded  to  that  pitch;  for  when  it  meets 
with  such  a  resistance  as  to  diminish  its  velocity  to  a  certain 
degree,  its  motion  becomes  irregular;  yet  this  never  happens 
till  the  velocity  of  the  circumference  is  less  than  two  feet  per 
second,  where  the  resistance  is  equable. 

g2 
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The  reader  having  now  become  acquainted  with  the  vatu<- 
able  course  of  experiments  made  by  Mr.  Smeaton,  we  shall 
next  offer  to  his  notice  a  few  remarks  upon  the  best  mode  of 
delivering  water  upon  an  overshot-wheel. 

In  wheels  of  this  construction,  it  has  been,  and  still  is,  the 
common  practice,  to  allow  the  water  to  flow  into  the  buckets 
at  the  highest  point  of  the  wheel ;  but  this  system  is  deci- 
dedly bad;  for  ue  centre  of  gravity  of  the  upper  bucket  is 
direct  over  the  axle  of  the  wheel,  and,  consequently,  any 
water  poured  into  that  bucket  wiU;  instead  of  creating  a  rota- 
tory motion,  cause  a  greater  pressure  upon  the  pivots  of  the 
axle.  The  greatest  advantage  would  be  obtained  by  causing 
the  water  to  fall  upon  the  wheel,  at  an  angle  of  42^  or 
45  degrees,  as  then  the  power  of  the  wheel  will  be  aug- 
mented by  the  increased  leverage.  In  constructing  wheels 
Xn  this  principle,  however,  great  care  must  be  taken  to 
w  a  sufficiency  of  room  in  buckets  for  the  escape  of  air, 
otherwise  the  wheel  will  not  act.  The  same  observation  is 
also  applicable  to  breast-wheels ;  for  we  were  once  present, 
and  witnessed  an  instance  of  this  kind,  at  the  first  starting 
of  a  breast-wheel,  in  which  the  millwright,  in  order  to  ob- 
tain the  greatest  possible  effect,  had  made  the  back-boards 
to  fit  so  tight  that  no  water  or  air  could  escape ;  the  conse- 
quence of  which  was,  the  necessity  of  reducing  the  whole  of 
the  back-boards,  to  allow  air  enough  to  escape  for  the  water 
to  act  freely  upon  the  floats. 

burn's  OVERSaOT-WHBBL  WITHOUT  A  SHAPIV 

This  ingenious  machine  was  invented  and  erected  by  the 
late  Mr.  Bums,  whose  mechanical  ingenuity  we  have  already 
had  occasion  to  admire.  It  is  represented  in  two  different 
sections,  in  figs.  96  and  96,  and  forms  a  large  hollow  cylinder 
by  its  buckets  and  sole,  without  having  any  shaft  or  axle-tree. 

This  wheel  is  12^  feet  diameter,  and  seven  feet  broad  over 
all,  and  has  28  buckets.  The  gudgeon  is  6  inches  diameter, 
by  9  inches  long.  The  flaunch  is  1 J  inch  thick  at  the  ex- 
treme points.  The  arms  are  of  redwood  fir,  6  inches  square ; 
one  piece  making  two  arms  in  length,  where  they  cross  one 
another  at  the  wheel's  centre,  1^  inch  of  the  wood  remaining 
in  each,  connecting  the  two  opposite  arms  as  one  piece.  The 
wheels  was  made  by  first  fitting  the  gudgeon  into  a  large 
piece  of  hard  wood,  with  the  flaunch  parallel  to  the  horizon, 
and  in  that  position  the  arms  and  rings  were  trained  and 
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boand  fast  to  it.  All  the  grooves  for  starts  or  raisers,  and 
buckets,  were  cut  oat  before  it  was  reino^  ed ;  first  one  piece 
was  bolted  to  the  flaunch  at  a  a,  and  so  of  the  others,  leaving 
the  distant  openings  for  the  cross  bars  that  reach  between 
each  arm  and  its  opposite  arm.  These  bars,  or  pieces,  were 
only  4  inches  square,  and  were  of  good  beech  wood,  turned 
found  in  the  body.  They  were  10  inches  square  at  each  end, 
in  which  was  fitted  a  strong  nut  for  a  bolt,  1^  inch  thick,  to 
go  through  bj  and  connect  die  two  sides  together. 

Alter  the  arms  were  trained  and  fixed  right  upon  the  gud- 
geons, the  innermost  ring  was  completed ;  the  tenons  were 
trained  on  the  arms  first,  and  the  rings  4^  inches  thick  and 
8  inches  deep,  put  on  by  keys  driven  into  the  mortice.  The 
remaining  tenons  were  then  reduced  from  1  ^  to  1  inch  thick,  and 
the  outermost  ring,  only  3  inches  thick  by  6  inches  deep,  was 
firmly  wedged  thereon,  and  bound  fast  at  the  other  ends  by  three 
strong  wooden  pins,  as  at  C  C;  to  the  lower  ring,  the  outside 
of  the  uppermost  and  undermost  rings  are  flush,  all  the  addi- 
tional thicknessof  the  lower  ring  projecting  inside  the  buckets. 

Some  difficulty  was  found  in  laying  the  water  properly 
into  the  buckets  of  this  wheel,  owing  to  the  narrowness  of 
the  months  of  the  buckets,  by  the  high  start  or  raiser,  which 
was  remedied  by  adopting  the  following  plan. 

llie  openings  in  the  bottom  of  the  troughing  should  be  of 
iron,  and  so  distant  from  each  other  tluit  me  water  from 
them  is  thrown  into  two  separate  buckets.  The  iron  curved 
parts  should  also  be  movable,  to  adjust  the  openings  to  the 
quantity  of  water  necessary  for  the  wheel.  Unless  the  head 
of  water  is  12  or  14  inches  above  these  openings,  it  will  be 
difficult  to  give  it  the  proper  direction  into  the  buckets, 
especially  if  the  openings  are  pretty  wide  for  them  j  for  then  it 
deviates  the  more  down  from  the  line  of  direction,  and  tends 
to  retard  the  wheel,  by  striking  on  the  outside  of  the  bucket. 

llie  openings  from  which  the  buckets  are  filled,  ought  to 
oe  10  inches  less  in  length  than  the  buckets,  i.  e.  five  inches  at 
each  side,  otherwise  the  water  is  apt  to  jerk  over  on  each 
side  of  the  wheel,  as  the  edges  of  the  bucket  pass  by. 

The  mode  of  making  and  finishing  the  wheel  at  Cartside 
requires  very  little  workmanship,  compared  to  the  usual 
method;  and  any  good  joiner  will  do  it  as  well  as  a  mill- 
wright. The  j(Hner  finished  Cartside  wheel  in  six  or  seven 
weeks.  The  construction  will  be  better  understood  from  the 
following  reference  to  the  figures. 

Fig.  %  represents  three  distinct  transverse  views.  The  part 
marked  A  supposes  ^  part  of  the  shrouding  in  section,  showing 
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the  pins ;  the  part  marked  B  is  a  section  of  the  wheel  through 
any  part  of  the  buckets,  and  showing  three  of  the  ties,  1>  1^  3^ 
in  section.  Part  D  shows  the  manner  in  which  the  exterior 
ends  of  the  wheel  are  finished,  also  the  gudgeons,  flaonch,  && 
Fig.  96  is  a  k)ngitudinal  section  of  the  wheel  through  one  oi 
the  arms,  showing  the  projection  of  the  shrouding,  thie  manner 
in  which  the  arms  of  the  wheel  are  con>iected  togeUier,  and  like- 
wise the  manner  in  which  the  ties  are  connected  to  the  gudgeoo. 

CHAIN  OF   fiUCKJBTS. 

This  is  applicable  in  many  situations  where  there  is  a 
considerable  fall  of  water.  This  sketch  was  taken  from  one 
in  Scotland  used  to  give  motion  to  a  thrashing  mill:  the 
fig.  97  is  so  obvious  as  to  need  little  explanation.  The 
buckets  C,  D,  G,  H,  &c.  must  be  connected  by  several 
chains  to  avoid  the  danger  of  breaking,  and  united  into  an 
endless  chain,  which  is  extended  over  two  wheels  A  and  B, 
the  upper  one  being  the  axis  which  is  to  communicate  motion 
to  the  mill- work;  £  is  the  spout  to  supply  the  water.  The 
principal  advantage  of  this  plan  is,  that  no  water  is  lost  by 
running  out  of  the  buckets  before  they  arrive  at  the  lowest 
part,  as  is  the  case  with  the  wheel.  Another  is,  that  the 
buckets  being  suspended  over  the  wheel  A  of  small  diameter, 
it  may  be  made  to  revolve  more  quickly  than  a  wheel  of 
large  diameter,  and  without  increasing  the  velocity  of  the 
descending  buckets  beyond  what  is  proper  for  them.  This 
saves  wheel-work  when  the  machine  is  to  be  employed,  as  in 
a  thrashing  machine,  to  produce  a  rapid  motion.  On  the 
other  hand,  the  friction  of  the  chain  in  folding  over  the  wheel 
at  the  top,,  and  seizing  its  cogs,  will  be  very  considerable; 
these  cogs  must  enter  the  spaces  in  the  open  links  between 
the  buckets,  to  prevent,  the  chain  slipping  upon  the  upper 
wheel.  We  think  this  machine  might  be  much  improved  by 
contriving  It  so  that  the  chain  would  pass  through  the  centre 
of  gravity  of  each  bucket,  whereas  m  the  present  form,  the 
we^ht  of  each  bucket  tends  to  give  the  chain  an  extra  bend, 

Ine  cham-^utnp  reversed^  has  been  proposed  as  a  substitute 
for  a  water-wheel  when  the  fall  is  very  great,  and  we  think 
it  would  answer  the  purpose  with  some  chance  of  success. 
It  would  have  an  advantage  over  the  chain-pump  when  em* 
ployed  for  raising  water,  in  the  fiacility  of  applying  cap 
leathers  to  the  pistons  on  the  chain,  in  the  same  way  as  other 
pumps,  which  leathers  expand  themselves  to  the  inside  of 
the  barrel,  and  are  kept  perfectly  tight  by  the  pressure  of 
the  water.     In  the  chain-pump  ;i}uch  leathers  cannot  be 
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i^nofierfc^d^  teeauito  the  tdgea  of  the  leather  cupd  would  turn 
doftm  and  atop  tiie  motion,  when  the  caps  were  drawn 
npWMnds  into  the  barrel.  It  is  the  defective  mode  of  leather- 
ing the  pifltons  of  the  chain-pump  which  occasions  its  great 
frictiott.  In  the  motion  of  a  machine  of  this  kind^  the  pistons 
would  dewend  into  the  barrel,  and  might  therefore  be  lea- 
thered with  ctEps  like  other  pumps,  so  as  to  be  quite  tight 
without  immoderate  friction,  lliis  machine  was  proposed 
by  a  Mr.  Cooper  in  17B4,  who  obtained  a  patent  for  it^  and 
Jir,  Robison  has  again  proposed  it  with  recommendation. 

BRBAST-WUBBLS. 

The  breast-wheel  partakes  of  the  nature  both  of  an  over- 
shot and  an  undershot:  it  is  driven  partly  by  impulse,  but 
chiefly  by  the  weight  of  water.  The  lower  part  of  the 
wheel  IS  surrounded  by  a  curved  wall  or  sweep  of  masonry^ 
^hich  is  maile  concentric  with  the  wheel,  and  the  float- 
boards  of  the  wheel  are  exactly  adapted  to  the  masonry, 
so  as  to  pass  as  near  as  possible  thereto  without  touching  it; 
and  the  side  walls  are  in  like  manner  adapted  to  the  end  of 
tiSie  float-boards  or  sides  of  the  wheel,  the  intention  being 
to  let  the  least  possible  quantity  of  water  pass  without  causing 
the  float-boards  to  move  before  it.  In  fig.  98,  the  water  is 
poured  upon  the  top  of  the  wheel  over  the  breasting  at  I, 
the  efflux  from  the  mill-dam  K-  being  regulated  by  the  sluice 
or  shuttle  lif,  which  is  placed  in  the  direction  of  a  tangept  to 
the  wheel,  and  is  provided  with  the  rack  R,  and  pinion  P,  by 
which  it  can  be  drawn  up  so  as  to  make  any  required  degree 
of  opening,  and  admit  more  or  less  water  to  flow  on  the  wheel. 
The  water  first  strikes  on  the  float,  and  urges  it  by  its 
impulse ;  but  when  the  floats  descend  into  the  sweep,  ihey 
form  an  it  were  close  buckets,  each  of  which  will  contain  a 
given  quantity  of  water,  and  the  water  cannot  escape  from 
these  buckets  except  the  wheel  moves,  at  least  this  is  the 
intention,  and  the  wheel  is  fitted  as  close  as  it  can  be  to  the 
race  with  that  view.  Each  of  the  portions  of  water  contained 
in  these  spaces  bears  partly  upon  the  wall  of  the  sweep,  and 
partly  upon  the  floats  of  the  wheel ;  and  its  pressure  upon 
the  floats,  if  not  exceeded  by  the  resistance,  will  cause  the 
whed  fo  move;  hence  the  action  upon  all  the  floats  which 
are  ivIUiiti  the  sweep  of  the  breasting  is  by  the  weight  of  the 
i#^ater  ak>nej  but' the  water  is  made  to  impinge  upon  the  first 
flbftt-boanl  with  some  velocity,  because  the  surface  of  the 
water  in  the  dam  K  is*  i*a)^ed  Considerably  above  the  orifice 
heneeMi  the  shutiie  wiiere  the  water  issues. 
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The  upper  part  of  the  fall  at  I  is  rounded  off  to  a  segment 
of  a  circle^  caUed  the  crown  of  the  fall,  and  the  water  run» 
over  it«  The  lower  edge  of  the  shuttle  when  put  down  is 
made  to  fit  this  curve^  so  as  to  msike  a  tight  joint;  and  in 
consequence^  when  the  shuttle  is  drawn  up,  the  water  will 
run  between  its  lower  edge  and  the  crown  in  a  sheet  or 
stream  which  strikes  upon  the  first  float  that  presents  itself^ 
nearly  in  a  direction  perpendicular  to  the  plane  of  the  float- 
board,  or  of  a  tangent  to  tlie  wheel.  The  float-boards  of  the 
wheel  are  directed  to  the  centre,  but  there  are  other  boards 
placed  obliquely  which  extend  from  one  float-board  to  the 
rim  of  the  wheel,  and  nearly  fill  the  space  between  one  float- 
board  and  the  next.  These  are  called  rising*  boards,  and  the 
use  of  them  is  to  prevent  the  water  flomng  over  the  floats 
board  into  the  interior  of  the  wheel;  but  the  edges  of  these 
boards  arc  not  continued  so  far  as  to  join  to  the  back  of  the 
next  float,  because  that  would  make  all  the  boards  of  the 
wheel  close,  and  prevent  the  free  escape  of  the  air  when  the 
water  entered  into  the  space  between  the  floats. 

As  the  water  strikes  with  some  force,  the  rising-boards  are 
very  necessary  to  prevent  the  water  from  dashing  over  the 
float-boards  into  the  interior  of  the  wheel. 

This  is  the  form  of  breast- wheel  employed  by  Mr.  Smeaton 
in  the  great  number  of  mills  which  he  constructed ;  but 
although  he  speaks  of  the  impulse  of  the  water  striking  the 
wheel,  he  always  endeavoured  to  make  the  top  of  the  breast- 
ing, or  crown  of  the  fall,  as  high  as  possible ;  so  as  to  attain 
the  greatest  fall  and  the  least  of  the  impulsive  action.  All 
rivers  and  streams  of  water  are  subject  to  variation  in  height 
from  floods  or  dry  seasons,  and  in  some  this  is  very  consider- 
able :  it  was  therefore  necessary  to  make  the  crown  I  of  the 
fall,  at  such  a  height  as  that,  in  the  lowest  state  of  the  water 
R,  it.  would  run  over  the  crown  in  a  sheet  of  three  or  four 
inches  in  thickness,  and  work  the  wheel.  When  the  water 
rose  higher  in  the  mill-dam,  it  would  then  have  a  pressure  to 
force  it  through,  and  in  that  case  would  strike  the  wheel  sq 
as  to  impel  it  by  the  velocity. 

Mr.  Smeaton  was  well  aware  that  the  power  communicated 
by  this  impulse  was  very  small.  In  some  cases,  where  the 
water  was  very  subject  to  variation,  he  used  a  false  or  mov- 
able crown,  that  is,  a  piece  of  wood  which  fitted  to  the  crowa 
L  and  raised  the  surfiice  thereof  a  foot  or  more,  so  as  to  obtain 
tne  greatest  fall  when  the  water  stood  ftt  a  mean  height;  but 
when  the  water  sunk  too  low  to  run  over  this  movable 
iTOWD;  it  could  be  drawn  up  to  admit  the  water  beneatl)  it. 
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This  effect  has  since  been  produced  in  a  more  perfect  manner 
by  making  the  crown  of  the  fall  a  movable  shuttle,  to  rise  and 
fall  according  to  the  height  of  the  water  in  the  mill-dam,  by 
which  means  the  inconvenience  before-mentioned  is  avoided. 

IMPROVSD  B&BAST-WHSBL,  IN  WHICH  THE  WATER  RUNS  OVER 
THE  SHUTTLE. 

FiG.llOis  a  section  of  one  of  this  kind.  A  is  the  water 
which  is  made  to  flow  upon  the  float-board  B,  and  urges 
the  wheel  by  its  weight  only,  the  water  being  prevented 
firom  escaping  or  flowing  off  the  float-boards  by  tne  breast 
or  sweep  D  D,  and  the  side- walls  which  enclose  the  floats 
of  the  wheel.  The  upper  part  of  the  breast  D  D  is  made 
by  a  cast-iron  plate,  curved  to  the  proper  sweep  to  line  with 
the  stone-work.  On  the  back  of  the  cast-iron  plate  the 
moving  shuttle  e  is  applied;  it  fits  close  to  the  cast-iron  so  as 
to  prevent  the  water  from  leaking  between  them,  and  the 
water  runs  over  its  upper  edge.  F  is  an  iron  groove  or 
channel  let  into  the  nu&sonry  of  the  side- walls,  and  in  these, 
the  ends  of  the  sliding  shuttle  are  received; /is  an  iron  rack, 
which  is  applied  at  the  back  of  the  shuttle,  and  ascends  above 
the  water-line  where  the  pinion  ^  is  applied  to  it  to  raise  or 
loM'er  the  shuttle.  The  axis  of  the  pinion  is  supported  in  a 
frame  of  wood  I  [,  i6  H  is  a  toothed  sector  and  balimce- weight, 
which  bears  the  shuttle  upwards,  or  it  miffht  otherwise  &11 
dovm  by  its  own  weight,  and  put  the  mUl  in  motion  when 
not  intended.  G  is  a  strong  planking,  which  is  fixed  across 
between  the  two  side- walls,  and  retains  the  water  when  it 
rises  very  high,  as  in  time  of  floods;  but  in  common  times 
the  water  rises  only  a  few  inches  above  the  lower  edge  of  the 
planking.  When  the  shuttle  is  drawn  up  to  touch  this  lower 
edge,  the  water  cannot  escape;  but  when  the  shuttle  is 
lowered  down,  it  opens  a  space  e  through  which  the  water 
flows  upon  the  float-boards  of  the  wheel. 

Fig.  Ill  is  a  section  of  the  most  improved  form  for  a 
breast- wheel,  taken  from  the  Royal  Armoury  Mills  at  Enfield 
Lock^  erected  by  Messrs.  Lloyd  and  Ostel.  The  general 
description  of  this,  is  like  the  former,  but  it  is  constructed  in 
a  better  manner,  and  unites  strength  with  durability.  The 
breast  of  masonrv  is  surmounted  by  a  cast-iron  plate  A, 
2^  feet  high,  which  is  let  into  the  masonry  of  the  side- walls 
at  each  end,  and  th^  lower  part  is  formed  with  a  flanch,  by 
which  it  is  bolted  to  thje  stone  breast  at  t^p,  This  plate  is 
jnade  straight  at  the  back  for  the  shuttle  B  to  lie  against, 
j^nd  it  slides  up  and  down,    The  ends  of  the  gate  are  guide4 
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by  iron  groot^  pieees  or  channels  which  are  let  into  the 
stone-work  of  the  side  walls^  and  being  made  wedge-K&e, 
they  fix  the  ends  of  the  cast-iron  breast  fast  in  its  place. 
The  grooves  are  not  upright,  but  inclined  to  the  perpendicular 
so  much,  that  the  plane  of  the  gate  is  at  riffht  angles  to  a 
radius  of  the  wheel  drawn  through  the  point  where  the  water 
falls  upon  the  wheel.  D  is  a  strong  plank  of  wood,  extended 
between  the  iron  grooves  just  over  the  shuttle*  When  the 
shuttle  is  drawn  up  it  comes  in  contact  with  tfafe  lowey  side 
of  this  piece  of  wood,  and  fitops  the  water;  but  the  piei^e  D  is 
fixed  at  such  a  height,  that  the  water  will  nm  clear  beneath 
it,  unless  its  surface  rises  above  its  mean  height. 

The  float-boards  of  the  wheel  do  not  point  to  the  cen^e  of 
the  wheel,  but  are  so  much  inclined  thereto  that  they  are 
exactly  horizontal  at  the  point  where  the  water  first  flows 
upon  them.  In  this  way,  the  gravity  of  the  water  has  its  full 
effect  upon  the  wheel,  and  the  boards  rise  up  out  of  the  tail- 
water  in  a  much  better  position,  than  if  they  pointed  to  the 
centre  of  the  wheel;  t^is  is  more  particularly  observable 
when  the  wheel  is  flooded  by  tail-water  penned  up  in  the 
lower  part  of  die  race,  so  that  it  cannot  run  freely  away  from 
the  wheel.  The  dimensions  of  this  wheel  are  as  follows : 
diameter  18  feet  to  Che  points  of  the  floats,  and  14  feet 
wide;  the  float-boards  are  40  in  number,  each  16  inches 
wide,  and  each  rising-board  11  inches  wide.  The  wheel  is 
fbrmed  of  fbur  cast-iron  circles  or  wheels,  each  14  feet 
8  inches  diameter,  placed  at  equal  distances  upon  the  central 
axis,  which  is  14  feet  8  inches  long  between  the  necks  or 
bearings,  and  9  inches  square;  the  bearing-necks  are  9^ 
inches  diameter.  The  wheel  is  calculated  to  make  four  revo< 
lutions  per  minute,  which  ^ves  near  3^  feet  per  second  for 
the  velocity  with  which  the  float^boards  move.  The  fall  of 
water  is  six  feet,  and  the  power  of  the  wheel,  when  the 
shuttle  is  drawn  down  one  fbot  perpendicular,,  equal  to 
28-horse  power, 

BRBAST-WHBBL  WITH   TWO   SHUTTLBS. 

In  this  wheel  the  piece  of  wood  marked  D  in  the  last 
figure,  is  fitted  into  the  groove  of  the  shuttle,  and  is  provided 
with  racks  and  pinions  to  slide  up  and  down,  independently  of 
the  lower  shuttle.  This  enables  the  lower  shuttle  to  rise  and 
fall,  according  to  the  height  of  the  water,  so  that  the  water  shall 
always  run  over  the  top  of  it,  in  the  proper  quantity  to  work 
the  mill  with  its  required  velocity,  wUlst  the  upper  shuttle  is 
only  used  to  stop  the  mill  by  shutting  it  down  upon  the 
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lower  thttttley  and  pie¥enttng  the  water  from  running  over  it. 
This  plan  is  used  wben  £e  mitt  is  to  be  regulated  by  a 
govemor,  or  machine  to  govern  its  velocity;  in  that  case  the 
governor  is  made  to  operate  upon  the  lower  shuttle,  and  will 
raise  it  op,  or  lower  it  down,  according  as  the  mifi  takes  too 
much  or  too  little  water,  and  this  regulates  the  supply ;  but 
the  upper  shuttle  i&  used  to  stof  the  mill,  and  by  this  means 
the  ad|ufttmeDt  of  the  lower  buttle  is  not  destroyed,  but 
when  set  to  work  again,  it  will  move  wttii  its  required 
velocity.  Fig»  101  is  a  section  of  one  of  the  water-wheels 
at  the  cottoo-mills  of  Messrs.  Strutt,  at  Belter,  in  Derby- 
shire. The  width  of  this  wheel  is  very  great,  and  to  render 
the  shuttles  A  B  fins,  a  strong  grating  of  cast-iron  is 
fixed  on.  the  top  of  the  breast  K,  and  the  shuttles  are 
applied  at  the  bad&  of  the  grating  E,  so  as  to  slide  up  and 
down  against  it,  tlie  strain  occasioned  by  the  pressure  of  the 
water  being  borne  by  the  grating.  The  lower  shuttle  is 
moved  by  means  of  long  screws,  a,  which  have  bevelled 
wheels,  b^  at  the  upper  ends,  to  turn  them,  by  a  connection 
of  wheel-work  with  the  wheels  work  of  the  miU.  The  upper 
shuttle.  A,  18  drawn  up  or  down  by  racks  and  pinions,  c, 
which  are  turned  by  a  winch^  or  handle.  The  bars  of  the 
fftatmg  E  are  placed  one  sbove  the  other,  like  shelves,  but 
are  not  horizontal;  they  are  inclined,  so  that  the  upper  sur- 
faces of  all  the  bara  form  tangents  to  an  imaginary  circle  of 
one-third  the  diameter  of  the  wheel  described  round  the 
centre  thereof.  These  bars  are  not  above  half  an  inch  thick, 
and  the  spaces  between  them  are  2^  inches.  The  bars  are  of 
a  considerable  breadth^  the  object  of  them  being  to  lead  the 
water,  with  a  proper  slope  from  the  top  of  tiie  lower  shuttle 
B>  to  flow  upon  the  floats  of  the  wheel.  This  disposition 
allows  the  shuttles  to  be  placed  at  such  a  distance  from  the 
wheel  as  to  admit  very  strong  upright  bars  of  cast-iron  to 
be  placed  between  tiie  wheel  and  tne  shuttles,  for  the  shuttles 
to  bear  againsl:,  and  prevent  them  from  bending  towards  the 
wheel,  as  the  great  weight  of  water  would  otherwise  occasion 
them  to  do.  These  upright  bars  are  very  firmly  fixed  to 
the  stone-work  of  the  bv^ut  at  their  lower  ends,  and  the 
upper  ends  are  fiisfcened  to  a  large  timber,  D,  which  is  sup- 
ported at  its  ends  in  the  side  widls,  and  has  a  truss-framing 
applied  to  the  hack  ot.  it,  like  the  framing  of  a  roof,  to  prevent 
it  from  bending  towards  the  wheel.  The  upright  bars  are 
placed  at  distances  of  five  feet  asunder,  so  as  to  support  the 
shuttles  in  two  places  in.  the  middle  of  their  length,  as  well 
as  at  both  ends ;  and  large  rollers^  are  applied  in  the  shuttle. 
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where  it  bears  agidnst  these  bars,  to  dimimsh  the  friction^ 
which  would  otherwise  be  very  great. 

These  precautions  will  not  ^>pear  unnecessary  when  the 
size  of  the  work  is  known.  The  wheel  is  21^  feet  in  dia- 
meter^  and  15  feet  broad;  the  fell  of  water  is  14  feet^  when 
it  is  at  a  mean  hmght;  the  upper  shuttle  is  2^  feet  high,  and 
15  feet  long;  the  lower  shuttle  is  five  feet  hiffh,  and  the  same 
length,  so  that  it  contains  75  square  feet  of  surfietce  exposed 
to  the  pressure  of  the  water;  now  taking  the  centre  of 
pressure  at  two-thirds  of  the  depth,  or  3^  feet,  we  find 
the  pressure  equal  to  that  depth  of  water  acting  on  the  whole 
sur&ce;  that  is,  the  weight  of  3^  cubic  feet  or  water  =  208 
pounds,  bears  on  every  square  foot  of  surface,  which  is  equal 
to  15,600  pounds,  or  near  seven  tons,  on  the  lower  shuttle 
only;  but  if  we  take  the  two  shuttles  together,  the  surface  is 
112  square  feet,  and  the  mean  pressure  312  pounds  upon 
each,  or  16  tons  in  the  whole.  The  wheel  has  40  float- 
boards  pointing  to  the  centre.  The  wheel  is  made  of  cast-iron . 
There  are  two  wheels  of  the  dimensions  above  stated,  which 
are  placed  in  a  line  with  each  other,  and  are  only  separated 
by  a  wall  which  supports  the  bearings;  for  they  work  toge- 
ther as  one  wheel,  and  the  separation  is  only  to  obviate  the 
difficulty  of  making  one  wheel  of  such  great  breadth  as  30  feet, 
though  this  is  not  impossible,  for  there  is  a  wheel  in  the  same 
works  40  feet  in  breadth,  but  it  is  of  wood  and  not  iron,  and 
\»  framed  in  a  particular  manner, — ^Dr.  Rees's  Cyclopcsdia^ 

PR,  barkbr's  mill. 

Dr.  Dssagulibrs  appears  to  have  been  the  first  who  pub- 
lished an  account  of  this  machine.  He  ascribes  the  invention 
to  Dr.  Barker,  in  the  following  words  :  "SirGeorge  SavUl  says, 
he  had  a  mill  in  Lincolnshire  to  grind  com,  which  took  up  so 
much  water  to  work  it,  that  it  sunk  his  ponds  visibly,  for 
which  reason  he  could  not  have  constant  work ;  but  now,  by 
Dr.  Barker's  improvement,  the  waste  water  only  from  Sir 
(jeorge's  ponds  keeps  it  constantly  to  woik.'^ 

Dr.  Barker's  mill  is  shown  in  fig.  102,  where  CD  is  a 
vertical  axis,  moving  on  a  pivot  at  D,  and  carrying  the  upper 
millstone  m,  after  passing  through  an  opening  m  the  fixed 
millstone  C.  Upon  this  axis  is  fixed  a  vertical  tube  TT, 
communicating  with  a  horizontal  tube  A  B^  at  the  extremities 
of  which^  A3  B,  are  two  apertures  in  opposite  directions. 
When  water  finom  the  millcourse  M  N  is  introduced  into  the 
tube  TT3  it  flows  out  of  tiie  apertures  A,B,  and,  by  the 
reaction  or  coimterpressure  of  the  issumg  water,  the  arm  AB. 
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and  conaeqaently  the  whole  machine^  is  put  iu  motion. 
The  hridgetree  a  b  ia  elevated  or  depressed  by  taming  the 
nut  c  at  the  end  of  the  lever  c  b.    In  order  to  understand 
how  this  motion  is  produced,  let  us  suppose  both  the  aper- 
tures shut,  and  the  tube  T  T  filled  with  water  up  to  T.    The 
apertures  A,  B^  which  are  shut  up,  will  be  pressed  outwards 
by  a  force  equal  to  the  weight  of  a  colunm  of  water  whose 
height  is  TT,  and  whose  area  is  the  area  of  the  apertures. 
Every  part  of  the  tube  AB  sustains  a  similar  pressure ;  but 
as  these  pressures  are  balanced  by  equal    and   opposite 
pressures,  the  arm  A  B  is  at  rest.    By  opening  the  aperture 
at  A^  however,  the  pressure  at  that  place  is  removed,  and 
consequently  the  arm  is  carried  round  by  a  pressure  equal  to 
that  of  a  column  T  T^  acting  upon  an  area  equal  to  that  of 
the  aperture  A.    The  same  dung  happens  on  the  arm  T  B ; 
and  tiiese  two  pressures  drive  Sie  arm  A  B  round  in  the 
same  jQrection.    This  machine  may  evidently  be  applied  to 
drive  any  kind  of  machinery,  by  fixing  a  wheel  upon  the 
vertical  axis  C  D. 

In  the  preceding  form  of  Barker's  mill,  the  length  of  the 
axis  CP  must  always  exceed  the  height  of  the  fall  N  D, 
and  therefore  when  the  fidl  is  very  high,  the  difficulty  of 
erecting  such  a  machine  would  be  great.  In  order  to  remove 
this  difficulty,  M.  Mathon  de  la  Cour  proposes  to  introduce 
the  water  from  the  millcourse  into  the  horizontal  arms  A,  B, 
which  are  fixed  to  an  upright  spindle  C  T,  but  without  any 
tube  T  T.  The  water  wul  obviously  issue  from  the  apertures 
A,  B,  in  the  same  manner  as  if  it  had  been  introduced  at  the 
top  of  a  tube  TT  as  high  as  the  fall.  Hence  the  spindle 
CD  may  be  made  as  short  as  we  please.  The  practical 
difficulty  which  attends  this  form  of  the  machine,  is  to  give 
the  arms  A,  B,  a  motion  round  the  mouth  of  the  feeding  pipe, 
which  enters  the  arm  at  D,  without  any  great  friction,  or 
any  considerable  loss  of  water.  This  form  of  the  mill  is 
shown  in  fig.  103,  where  F  is  the  reservoir,  K  the  millstones, 
KD  the  vertical  axis,  F£C  the  feeding  pipe,  the  mouth  of 
which  enters  the' horizontal  arm  at  C.  In  a  machine  of  this 
kind  which  M.  Mathon  de  la  Cour  saw  at  Bourg  Argental, 
AB  was  92  inches,  and  its  diameter  three  inches ;  the  dia- 
meter of  each  orifice  was  1|  inch,  F  G  was  21  feet ;  the 
internal  diameter  of  D  was  two  inches,  and  it  was  fitted  into 
C  by  grinding.  This  machine  made  115  turns  in  a  minute 
when  it  was  unloaded,  and  emitted  water  by  one  hole  only. 
The  machine,  when  empty,  weighed  80  pounds,  and  it  was 
half  supported  by  the  upward  pressure  of  the  water. 
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This  improvement,  which  was  first  given  by  M.  Mathon  de 
la  Cour,  in  the  Joumai  de  Pkyswue^  i77^9  appeared  twenty 
yean  afterwards  in  the  American  PhilasopMcal  Tnme€uitwnSy 
aa  the  invention  of  a  Mr.  Ramsey;  and  Mr.  Waring,  who  in- 
serted the  account,  contrary  to  every  otiier  philosopher,  makes 
the  effect  of  the  madiine  only  equal  to  that  of  a  good  nnder- 
shot  wheel,  moved  with  the  same  quantity  of  water  falling 
through  the  9ame  hdght* 

Dr.  Gregory,  in  hb  Mechanics^  vol.  ii.  has  given  this 
pq^r  with  some  corrections,  and  recommends  it  as  the  best 
theory.  The  following  roles,  deduced  from  his  calculus, 
may  be  of  use  to  those  who  wish  to  make  experiments  on 
the  effect  of  this  interesting  machine. 

L  Make  each  arm  of  tiie  horizontal  rotatoty  tube  or  ami 
of  any  omvenient  length,  from  the  centre  et  motion  to  the 
centre  dl  the  apertures,  but  not  less  than  one-third  (one- 
ninth,  according  to  Mr.  Gregory)  of  the  perpen<ticular  height 
of  the  water's  sur£»ce  above  their  centres. 

2.  Multiply  the  length  of  the  arm  in  fert  by  .6196,  and 
take  the  square  root  of  the  product  for  the  proper  time  of  a 
revolution  in  seconds,  and  adapt  the  other  p^tfts  of  the  ma^ 
chinery  to  this  velocity;  or  if  the  required  time  of  a  revolution 
be  given,  multiply  the  square  of  this  time  by  1.629  for  the 
proportional  length  of  the  arm  in  feet. 

3.  Multiply  together  the  breadth,  depth,  and  velocity  per 
second,  of  the  race,  and  divide  the  last  product  by  18.47 
times  (14.27,  according  to  Mr.  Gregory)  the  square  root  of 
the  height,  for  the  area  of  either  aperture. 

4.  Multiply  the  area  of  either  aperture  by  the  height  of 
the  fall  of  water,  and  the  product  by  414  pounds  (d5.77&> 
according  to  Mr.  Gregory)  for  the  moving  force,  estimated 
at  the  centres  of  the  apertures  in  pounds  avoirdupois. 

5.  The  power  and  velodty  at  the  aperture  may  be  easily 
reduced  to  any  part  of  the  machinery  by  Uie  simplest  me- 
chanical rules. 

TIDE-MILLS. 

TiDK-MiLLs,  as  their  name  imports,  are  such  as  employ 
for  their  first  mover  the  flowing  and  ebbing  tide,  either  in 
the  sea  or  a  river. 

Mills  of  this  kind  have  not  often,  we  believe,  been  erected 
in  England,  though  several  of  our  rivers,  and  particularly 
the  Thames,  the  Humber,  and  the  Severn,  in  which  the  tide 
rises  co  a  great  height^  famish  a  very  powerful  mover  to 
drive  any  kind  of  machinery,  and  would  allow  of  tide-millB 
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being  very  advantageously  constructed  upon  their  banks. 
The  erection  of  such  mills  is  not  to  be  recommended  uni- 
versally^ as  they  are  attended  with  a  considerable  original 
expense  5  beside  that,  some  of  their  parts  will  require  frequent 
repairs :  bat  in  some  places,  where  coal  is  very  dear,  they 
mny,  on  llie  whole,  be  found  less  expensive  than  steam- 
engines  to  peff<»m  the  same  work,  and  may,  on  that  account, 
be  preferred  even  to  them. 

We  have  not  been  able  to  ascertain  who  was  the  first 
contriver  of  a  tide-miil  in  this  country,  nor  at  what  time  one 
was  first  erected.  The  French  have  not  been  so  negligent 
respecting  the  oi4gin  of  this  important  invention,  as  to  let 
it  drop  into  obscurity;  but  have  taken  care  to  inform  us 
that  such  mills  were  used  in  France  early  in  the  last  century. 
Belidor  mentions  the  name  of  the  inventor,  at  the  same 
time  that  he  states  some  peculiar  advantages  of  this  species 
of  machine.  *'  L'on  en  attribue,"  says  he,  ^  la  premiere 
invention  k  un  ncymm^  Perse,  maltre  charpentier  de  Dun- 
kerqne,  que  mdrite  assur^ment  beaucoup  d'^loge,  n'y  ay  ant 
point  de  glmre  plus  digne  d'un  bon  citoyen,  que  celle  de 
produire  quelqu'invention  utile  k  la  soci^t^.  En  eflFet, 
combien  n'y  a-t'-U  point  de  choses  essentielles  k  la  vie,  dont 
on  ne  connolt  le  prix  que  quand  on  en  est  priv^ :  les 
moulins  en  g^n^ral  sont  dans  ce  cas-lk.  On  doit  s9avoir  bon 
gr^  k  ceux  qui  nous  ont  mis  en  ^tat  d'en  construire  partout : 
par  exemple,  k  Calais,  comme  il  n'y  serpente  point  de 
rivieres,  on  n'y  a  point  fait  jusqu'ici  de  moulins  h.  eau,  et  ceux 
qui  vont  par  le  vent  ch6mant  une  partie  de  I'annde,  il  y  ades 
tems  oii  cette  ville  se  trouve  sans  farine,  et  j'ai  vu  la 
garoison  en  1730,  oblige  de  faire  venir  du  pain  de  Saint-Omer, 
au  lieu  qu'en  se  servant  du  flux  et  reflux  de  la  mer,  on  pour- 
rait  construire  autant  de  moulins  a  eau  que  Ton  voudroit :  il 
y  a  d'antres  villes  dans  le  voisinage  de  la  mer  sujettes  au 
m^e  inconvenient,  parcequ'apparemment  elles  ignorent  le 
moyen  d*y  rem^dier." 

MiUa  to  be  worked  by  the  rising  and  falling  of  the  tide, 
admit  of  great  variety  in  the  essential  parts  of  their  con- 
struction ;  but  this  variety  may  perhaps  be  reduced  to  four 
general  heads,  according  to  the  manner  of  action  of  the 
water-wheel.  1 .  The  water-wheel  may  turn  one  way  when 
the  tide  rises,  and  the  contrary  when  it  falls.  2.  The  water- 
wbeel  may  be  made  to  turn  always  in  one  direction. 
3.  The  water-wheel  may  fall  and  rise  as  the  tide  ebbs  and 
^ws.  4.  The  axle  of  the  water-wheel  may  be  so  fixed  as 
that  it  shall  neither  rise  nor  fall,  though  the  rotatory  motion 
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shall  be  gtren  to  the  wheel,  while  at  one  time  it  is  onty 
partly,  at  another  completely,  immersed  in  the  fluid.  In  the 
mills  we  have  examined,  says  Dr.  Gregory,  the  first  and  third  of 
these  divisions  have  been  usually  exemplified  in  one  machine  ; 
and  the  second  and  fourth  may  readily  be  united  in  another : 
we  shall,  therefore,  speak  of  them  under  two  divisions  on  y, 

1.  When  the  water-wheel  rises  and  falls,  and  turns  one 
way  with  the  rising  tide,  and  the  contrary  when  it  ebbs.  In 
order  to  explain  the  nature  of  tnis  species  of  tide-mills,  we 
shall  describe  one  which  has  lately  been  erected  on  the 
right  bank  of  the  Thames,  at  East- Green wich,  under  the 
direction  of  Mr.  John  Lloyd,  an  ingenious  engineer  of 
Brewer's-green,  Westminster. 

This  mill  is  intended  to  grind  com,  and  works  eight  pair 
of  stones.  The  side  of  the  mill-house  parallel  to  the  course 
of  the  river,  measures  40  feet  within ;  and  as  the  whole  of  this 
may  be  opened  to  the  river  by  sluice-gates,  which  are  carried 
down  to  the  low  water-mark  in  the  river,  there  is  a  40  feet 
waterway  to  the  mill:  through  the  waterway  the  water 
presses  during  the  rising  tide  into  a  large  reservoir,  which 
occupies  about  four  acres  of  land ;  and  beyond  this  reservoir 
is  a  smaller  one,  in  which  water  is  kept,  for  the  purpose  of 
being  let  out  occasionally  at  low  water  to  cleanse  the  whole 
works  from  mud  and  sediment,  which  would  otherwise,  in 
time,  clog  the  machinery. 

The  water-wheel  has  its  axle  in  a  position  parallel  to  the 
side  of  the  river,  that  is,  parallel  to  the  sluice-gates  which 
admit  water  from  the  river ;  the  length  of  this  wheel  is  26 
feet,  its  diameter  11  feet,  and  its  number  of  float-boards  32. 
These  boards  do  not  each  nm  on  in  one  plane  from  one  end 
of  the  wheel  to  the  other,  but  the  whole  length  of  the  wheel  is 
divided  into  four  equal  portions,  and  the  parts  of  the  float-boards^ 
belonging  to  each  of  these  portions,  fall  gradually  one  lower  than 
another,  each  by  one-fourth  of  the  distance  from  one  board 
to  another,  measuring  on  the  circumference  of  the  wheel. 

This  contrivance,  which  will  be  better  understood  by  refer- 
ring to  fig.  104,  is  intended  to  equalize  the  action  of  water 
upon  the  wheel,  and  prevent  its  moving  by  jerks.  The  wheel, 
with  its  incumbent  apparatus,  weighs  about  20  tons,  tlie  whole 
of  which  is  raised  by  the  impulse  of  the  flowing  tide,  when 
admitted  through  the  sluice-gates.  It  is  placed  in  the  middle 
of  the  waterway,  leaving  a  passage  on  each  side  of  about  six 
feet,  for  the  water  to  flow  into  the  reservoir,  besides  that  which, 
in  its  motion,  turns  the  wheel  round.  Soon  after  the  tide  has 
risen  to  the  highest,  (which  at  this  mill  is  often  20  feet  abo^ii^ 
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the  low  water-niBrk^)  the  water  ii  pennitted  to  run  back 
i^ain  from  the  reservoir  mto  the  river^  and  by  this  means  it 
gives  A  rotatory  motion  to  the  water- wheel,  in  a  contrary 
direction  to  that  with  which  it  moved  when  impelled  by  the 
rising  tide :  the  contrivance  by  which  the  wheel  is  raised  and 
depressed,  and  that  by  which  the  whole  interior  motions  of 
the  mill  are  preserved  in  the  same  direction,  although  that  in 
which  the  water-wheel  moves  is  changed,  are  so  truly  inge- 
nious as  to  deserve  a  distinct  description,  illustrated  by 
diagrams.  Let,  then,  AB  (fig  105)  be  a  section  of  the 
water-whed,  1,  2,  3,  4,  5,  &c.  its  floats ;  C  D  the  first  cog- 
wheel upon  the  same  axis  as  the  water-wheel ;  the  vertical 
shaft  F  JS  carries  the  two  equal  wallower-wheels  £  and  F, 
which  are  so  situated  on  the  shaft  that  one  or  other  of  them 
may,  as  occasion  requires,  be  brought  to  be  driven  by  the 
first  wheel  C  D ;  and  thus  the  first  wheel  acting  upon  F  and 
£  at  points  diametrically  opposite,  will,  although  its  own 
motion  is  reversed,  communicate  the  rotatory  motion  to  the 
vertical  shaft  always  in  the  same  direction.  *  In  the  figure 
die  wheel  £  is  shown  in  geer,  while  F  is  clear  of  the  cog- 
wheel CD;  and  at  the  turn  of  the  tide  the  wheel  F  is  let 
inta  geer,  and  £  is  thrown  out  $  this  is  effected  by  the  lever 
G,  w^ose  fulcrum  is  at  H,  the  other  end  being  suspended  by 
the  rack  K,  which  has  hold  of  the  pinion  L  on  the  same  axle 
as  the  wheel  M ;  into  this  wheel  plays  the  pinion  N,  the 
winch  O,  on  the  other  end  of  whose  axle,  furnishes  sufficient 
advantage  to  enable  a  man  to  elevate  or  depress  the  wallower- 
wheels,  as  required. 

The  centre  of  the  lever  -may  be  shown  more  clearly  by 
fig.  104,  where  a&  is  a  section  of  the  lever,  which  is  com- 
posed of  two  strong  bars  of  iron,  as  a  i  ;  there  are  two  steel 
studs  or  pins  which  work  in  the  grooves  of  the  grooved  wheel 
I,  this  wheel  being  fixed  on  the  four  rods  surrounding  the 
shaft,  of  which  three  only  can  be  shown  in  the  figures,  as 
cde;  the  ends  of  these  are  screwed  fiist  by  bolts  to  the 
sockets  of  the  wallower-wheels,  and  they  are  nicely  fitted 
on  the  vertical  shaft,  so  as  to  slide  with  little  friction ;  thus 
the  waQowers  may  be  raised  or  lowered  upon  the  upright 
shaft,  while  the  gudgeon,  on  which  it  turns,  retains  the  same 
position. 

When  the  top  wallower  u  in  geer,  it  rests  on  a  shoulder 
that  prevents  it  from  going  too  £&r  down ;  and  when  the 
bottom  one  is  in  geer,  there  is  a  bolt  that  goes  through  the 
top  wheel  socket  and  shaft  which  takes  the  weight  from  the 
lerer  G,  at  the  same  time  that  it  prevents  much  friction  on 

H 


98  THB  OPSRATIVB   MBeHANlC 

the  8tu%id  or  pins  of  the  lever  which  works  in  the  grooved 
wheel  I. 

When  the  title  ia  flowing,  after  the  mill  has  sU^ped  a  suf- 
ficient time  to  gain  a  moderate  head  of  water,  the  fluid  is 
sufiered  to  enter  and  £all  upon  the  wheel  at  the  sluice  Q, 
(fig.  105,)  and  the  tail  water  to  run  out  at  the  sluice  R, 

The  hydrostatic  pressure  of  the  head  of  water  acting  against 
the  bottom  of  the  wheel -frame  S,  and  at  the  same  time  act- 
ing between  the  folding-gates  T  W,  which  are  thus  converted 
into  very  large  hydrostatic  bellows,  buoys  up  the  w;heel  and 
frame,  (though  weighing,  as  before  observed,  nearly  20  tons,) 
and  makes  them  gradually  to  rise  higher  and  higher,  so  that 
the  wheel  is  never,  as  the  workmen  express  it,  drowned  in  the 
flowing  water ;  nor  can  the  water  escape  under  the  wheel- 
frame,  being  prevented  by  the  folding-gates,  which  pass  from 
one  end  to  the  other  of  Uie  wheel.  In  this  way  the  wheel 
and  frame  are  buoyed  up  by  a  head  of  four  feet ;  and  the  mill 
works  with  a  head  of  5  or  5^  feet. 

When  the  tide  is  ebbing,  and  the  water  from  the  reservoir 
running  back  again  into  the  river,  it  might,  perhaps,  be  ex- 
pected that  in  consequence  of  the  gradual  subsiding  of  the 
water,  the  water-wheel  should  as  gradually  lower ;  but  lest 
any  of  the  water  confined  between  the  wheel-frame  atS,  and 
the  folding-gates  T  W^  should  prevent  this,  there  are  strong 
rackworks  of  cast-iron,  by  which  the  wheel-frame  can  be 
either  suspended  at  any  altitude,  or  gradually  let  down  so  as 
to  give  the  water  returmng  from  the  reservoir  an  advantageous 
head  upon  the  wheel ;  then  the  sluice  R  is  shut,  and  V  opened 
as  well  as  X,  the  water  entering  at  X  to  act  upon  the  wheel, 
and  flowing  out  at  R.  The  upper  surface  of  the  wheel-frame 
is  quadrangular,  and  at  each  angle  is  a  strong  cast-iron  bar, 
which  slides  up  and  down  in  a  proper  groove,  that  admits  ot 
the  vertical  motion,  but  prevents  all  such  lateral  deviatioa 
as  might  be  occasioned  by  the  impulsion  of  the  stream. 

At  each  end  of  the  water-wheel  there  is  a  vertical  shaft, 
with  wallowers  and  a  first  cog-wheel,  as  P  £^  and  C  D ;  and 
each  of  these  vertical  shafts  turns  a  large  horizontal  wheel  at 
a  suitable  distance  above  the  wallowers,  while  each  horizontal 
wheel  drives  four  equal  pinions  placed  at  equal  or  quadrantal 
distances  on  its  periphery,  each  pinion  having  a  vertical 
spindle,  on  the  upper  part  of  which  the  upper  millstone  of 
its  respective  pair  is-  fixed.  Other  wheels,  driven  by  one  or 
other  of  these  pinions,  givhig  motion  to  the  bolting  and 
dressing  machines,  and  different  s«dx)r^ate  parts  of  the 
mill. 
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AltlKHigh  the  rertical  shaft  at  each  end  of  the  water-wheel 
rises  and  fiedta  with  that  wheels  yet  the  large  horizontal  wheel 
taming  with  anch  shaft  does  not  likewise  rise  and  fall,  but 
remains  always  in  the  same  horizontal  plane^  and  in  contact 
with  the  four  pinions  it  drives.  The  contrivance  for  this 
puipose  is  very  simple,  but  very  efficacious;  each  great 
horizontal  wheel  has  a  nave,  which  runs  upon  friction-rollers, 
and  has  a  square  aperture  passing  through  it  vertically,  just 
large  enough  to  allow  the  shaft  P  to  slide  freely  up  and  down  in 
it,  but  not  to  turn  round  without  communicating  its  rotatory 
motion  to  the  wheel ;  thus  the  weight  of  the  wheel  causes  it 
tG  press  upon  the  friction-roUers,  and  retain  the  same  hori- 
zontal planes,  and  the  action  of  the  angles  of  the  vertical  shaft 
Vfoa  tile  corresponding  parts  of  the  square  orifice  in  the 
nave  canses  it  to  partake  of  the  rotatory  motion,  such  motion 
bdng  always  in  one  direction,  in  consequence  of  the  con- 
trivance by  which  one  or  other  of  the  wallowera  £  P  is 
brought  into  contact  with  the  opposite  points  of  the  first  cog- 
wheel CD. 

Several  of  the  subordinate  parts  of  this  mill  are  admir* 
ably  constrocted ;  but  we  can  only  notice  here  the  means  by 
which  the  direction  of  the  motion  in  the  dressing  and  bolt- 
ing machines  may  be  varied  at  pleasure.  On  a  vertical 
shaft  are  fixed,  at  the  distance  of  about  15  or  18  inches,  two 
equal  cc^-wheels,  and  another  toothed-whee),  attached  to  a 
horizontal  axle^  is  made  so  as  to  be  movable  up  and  down  by 
a  screw,  and    thus  brought  into  contact  with   either  the 

2^per  or  lower  of  the  two  cog-wheels  on  the  vertical  shaft ; 
us,  it  is  manifest,  the  motion  is  reversed  with  great  faci- 
lity by  chan^g  the  position  of  the  horizontal  axle  so  that 
the  wheel  upon  It  may  be  driven  by  the  two  cog-wheels 
akemately.  A  wheel  and  pinion  working  at  the  other  end 
of  the  horizontal  axle  will  communicate  the  motion  to  the 
dressing  machines. 

Mr.  W.  rhryden,  Mr.  Lloyd's  foreman,  employed  in  the 
erection  of  this  mill,  suggests  that  a  nearly  similar  mode 
may  be  advantageously  adopted  in  working  dressing  ma- 
chines in  wind-mills ;  three  wheels,  all  of  different  diameters, 
may  be  employed,  two  of  them,  as  A  and  C,  turning  upon  a 
vertical  shafts  and  the  third,  B,  u'^on  an  inclined  one.  In 
fig.  106,  the  wheels  A  and  B  are  shown  in  geer,  while  C  is 
out ;  and  if  A  be  struck  out  by  some  such  contrivance  as  is 
adopted  with  regard  to  the  first  cog-wheel  and  wallowers, 
(Gg.  104  and  105,^  C  would  come  in  contact  with  B,  while  A 
would  be  free,  and  so  communicate  a  motion  to  B  the  reverse 
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way.  By  this  contrivance  it  wouM  be  easy,  wlien  the  winds 
are  strong  and  give  a  rapid  motion  to  the  vertical  axle,  to 
bring  C  to  drive  B,  the  wheel  on  the  axle  of  the  dressing- 
machines;  and  on  the  contrary,  when  the  wind  is  slack, 
and  the  consequent  motion  of  the  machinery  slow,  let  C  be 
thrown  out  of  geer,  and  the  wheel  B  driven  by  the  larger 
wheel  A,  as  shown  in  the  figure. 

We  should  have  been  glad  to  see  adopted  in  this  well- 
constructed  mill,  a  contrivance,  recommended  and  pursued 
by  the  American  mill-wrights,  for  raising  the  ground  com  to 
the  cooling-boxes  or  beaches  from  which  it  is  to  be  con- 
veyed into  the  bolting-macliine.  In  this  mill,  as  in  all  we 
have  seen,  the  com  is  put  into  bags  at  the  troughs  below  the 
mill-stones,  and  thence  raised  to  tibe  top  of  the  mill-house  by 
a  rope  folding  upon  barrels  turned  by  some  of  the  interior 
machinery  of  the  mill.  In  the  American  method,  a  large 
screw  is  placed  horizontally  in  the  trough  which  receives 
the  flour  from  the  mill-stones.  The  thread  or  spiral  line  of 
the  screw  is  composed  of  pieces  of  wood  about  two  inches 
broad  and  three  long,  fixed  into  a  wooden  cylinder  seven  or 
eight  feet  in  length,  which  forms  the  axis  of  the  screw. 
\Vhen  the  screw  is  turned  round  this  axis,  it  forces  the  meal 
firom  one.  end  of  the  trough  to  the  other,  where  it  &lls  into 
another  trough,  from  which  it  is  raised  to  the  top  of  the  mill- 
house  by  means  of  elevators,  a  piece  of  machinery  similar  to 
the  chain-pump.  These  elevators  consist  of  a  chain  of  buckets, 
or  concave  vessels,  like  large  tea-cups,  fixed  at  proper 
distances  upon  a  leathern  band,  which  goes  round  two  wheels, 
'  one  of  which  is  placed  at  the  top  of  the  mill-house,  and  the 
other  at  the  bottom,  in  the  meal-trough.  When  the  wheels 
are  put  in  motion,  the  band  revolves,-  and  the  buckets,  dip- 
ping into  the  meal-trough,  convey  the  flour  to  the  upper  story, 
where  they  discharge  dieir  contents.  The  band  of  buckets 
is  enclosed  in  two  square  boxes,  in  order  to  keep  them  clean, 
and  preserve  them  from  injury. 

We  shall  now  proceed, 

2.  To  tide-mills,  in  which  the  axle  of  the  water-wheel 
neither  rises  nor  falls,  and  in  which  that  wheel  is  made  always 
to  revolve  in  the  same  direction.  A  veater-wheel  of  this  kind 
must,  manifestly,  at  the  time  of  high-tide,  be  almost,  if  not 
entirely,  immersed  in  the  fluid ;  and  to  construct  a  wheel  to 
work  under  such  circumstances  is,  obviously,  a  matter  which 
requires  no  small  skill  and  ingenuity. 

The  first  person  who  devised  a  wheel  which  might  be 
turned  by  the  tide,  when  completely  immersed  in  it,  were 
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Meters.  Gosset  and  De  la  Demlle«  Their  wheel  is  described 
by  Belidor  in  nearly  .the  following  terms.  Suppose  G  H 
(fig.  107)  to  denote  the  surSEU^e  of  the  water  at  high-tide^  the 
line  LM  the  suifEice  at  low-water,  and  that  the  current  fol- 
lows the  direction  of  the  arrow  N ;  the  problem  is  to  construct 
the  wheel  so  that  it  may  always  turn  upon  its  axis  I K. 
The  figure  just  referred  to  is  a  profile  of  an  assemblage  of 
carpentry,  which  must  be  repeated  several  times  along  the 
arbor,  according  to  the  length  which  it  is  proposed  to  give  to 
the  float-boards ;  and  the  planks  or  plates  which  compose 
these  floats,  must  be  hung  to  the  other  parts  of  the  frame  by 
as  many  joints  as  are  necessary,  to  enable  tiiem  to  sustain 
the  impulse  of  the  water  without  bending.  The  sole  pecu- 
liarity of  this  wheel  cousists  in  hanging  upon  the  transverse 
beams  in  the  frame-work,  by  hinges,  the  planks  which  are  to 
compose  the  float^boards ;  so  that  they  may  present  them- 
selves in  fece,  as  D,  D,  D,  when  they  are  at  the  bottom  of  the 
wheel,  to  receive  Uie  frdl  stroke  of  the  stream ;  and,  on  the 
contrary,  they  present  only  their  edges,  as  A,  A,  A,  when 
they  are  brought  towards  the  summit  of  the  wheel ;  hence, 
the  water  having  a  far  greater  effect  upon  the  lower  than  the 
upper  parts  of  the  wheel,  compels  it  to  revolve  in  the  order 
of  the  letters;  instead  of  which,  if  the  float-boards  were 
fixed  as  in  the  usual  way,  the  impulse  of  tiie  fluid  upon  the 
wheel  would  be  nearly  the  same  in  all  its  parts,  and  it  would 
remidn  immovable. 

We  see,  at  once,  that  the  boards  D,  D,  D,  having  moved 
rtowards  M,  then  begin  to  float,  as  at  £,  £,  £,  and  more  still 
at  F,  F,  F,  but  that  it  is  not  till  they  arrive  at  A,  A,  A,  that 
they  attain  the  horizontal  position  ;  after  that,  having  arrived 
3t  B,B,B,  they  begin  to  drop  towards  the  beams  to  which 
they  are  hooked,  and  as  soon  as  they  have  passed  the  level  of 
the  axle  I  K,  Uie  stream  commences  its  full  action  upon 
them,  which  it  attains  completely  between  C,  C,  C,  and 
E,  E,  E,  and  tiiis,  whether  the  surface  of  the  water  be  at 
G  H  or  at  L  M ;  for  even  in  the  latter  case  it  is  manifest  that 
the  float-boards  are  entirely  immersed  when  in  the  vertical 
position  P  Q.  Belidor  says,  he  was  present  at  the  fipt 
trial  of  such  a  wheel  at  Paris,  and  that  it  was  attended  with 
aU  the  success  that  could  be  desired. 

A  water-wheel  has  been  lately  invented  by  Mr.  Dryden, 
which  will  work  when  nearly  immersed  in  the  water  of  a 
flowing  tide.  Fig.  106  is  an  elevation  of  this  wheel,  its  upper 
parts  being  supposed  to  stand  a  foot  or  two  higher  than  the 
-tide  ever  rises ;  the  axis  of  this  wheel  remains  always  in  one 
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place,  and  the  wheel  will  work  at  high- water  when  the  head 
is  at  3)  and  Uie  tail*water  at  the  dotted  line  A ;  it  will  ako 
perform  nearly  the  same  work  when  the  head  ia  at  C,  and  the 
tail-water  level  with  the  bottom  of  the  wheel.  The  floats 
fire  all  set  at  one  and  the  same  angle,  with  the  respective 
radii  ot  the  wheel,  as  may  be  seen  in  the  figure,  and  are  made 
^  as  to  have  an  opening  of  at  least  an  inch  betweeyi  each 
float  and  the  drum-boarding  of  the  wheel.  This  opaiing  is 
intended  to  prevent  the  wheel  from  being  impeded  by  the 
tail- water ;  for  as  the  bucket  rises  out  of  the  water,  there 
can  be  no  vacuum  formed  in  it,  there  being  a  full  supply  of 
air,  in  consequence  of  which  the  water  leaves  the  wheel  de- 
liberately. The  case  is  different  with  regard  to  wheels  made 
in  the  common  way ;  for  if  such  are  open  wheels,  the  floats 
are  made  in  such  a  manner  as  to  throw  the  tail-watei  if  diey 
are  immersed  any  depth  in  it ;  or,  if  they  are  close,  the  wheel 
wants  proper  vent  for  the  air  to  prevent  the  formation  of  a 
vacuum  in  the  rising  bucket,  or  what  is  called  by  the  miller 
*^  sucking  up  the  taSlrwaier."  At  D  ifi  planking  made  cir- 
.cular  to  fi.t  the  wheel  pretty  close  for  rather  more  than  the 
space  of  two  floats,  so  as  to  confine  the  water  nearly  close  to 
the  wheel.  E,  F,  G,  H,  are  sluices  which  are  all  connected 
together  by  the  iron  bar  I,  and  lifted  with  the  assistance  c^ 
the  wheel,  two  pinions,  and  a  winch,  the  first  pinion  working 
into  the  rack  K ;  these  sluices  are  merely  for  stopping  the 
wheel  when  occasion,  requires,  although  one  might  be  suffi<- 
j[;ient  to  supply  the  wheel.  The  rings  of  this  wheel  may  be 
made  either  of  cast-iron  or  of  wood ;  the  floats  may  be  iron 
plates  rivetted  together.  The  flanches  on  the  arms  of  the 
wheel,  exhibited  in  the  sketch,  are  intended  to  fiicilitate  the 
fixing  of  the  first  cog-wheels ;  the  ring  of  the  wheel  may  be 
fixed  to  the  flanches  at  the  extremity  of  the  arms,  and  the 
large  flancL  made  fast  to  the  axle  will  receive  the  middle  part 
of  the  wheel. 

Fig*  109  is  a  plan  of  the  house  in  which  either  of  the  two 
latter  wheels  may  be  fixed,  showing  in  what  manner  the 
water  may  be  conveyed  always  on  one  side  of  the  wheel  by 
the  assistance  of  the  four  gates  A,  B,  C,  and  D,  When  the 
niill  is  working  from  the  river,  A  and  B  are  open,  the  arrows 
point  out  the  way  the  water  runs  firom  the  river  to  the  basin  ; 
and  the  dotted  lines  on  the  contrary  the  course  from  the  basin 
to  the  river,  when  A,  B,  are  shut,  and  C,  D,  opened.  These 
gates  are  niade  to  turn  on  an  axle,  which  is  about  six  inches 
from  the  middle  of  the  gate,  and  on  the  top  of  the  axle  is  a 
)ialf-wheel ;  by  some  crane-work  connected  to  it,  the  gate 
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<:an  be  opened  or  fshut  at  pleasure ;  when  a  head  ot  water 
preases  against  the  gates  they  will  open  great  part  of  the 
way  oi  th^sdves,  by  only  letting  the  catches  that  keep  them 
abut  be  lifted  out  oif  their  place.  X,  Y^  are  two  knees  of 
cast-iron^  to  support  the  posts  that  the  gates  are  fixed  to. 
The  walls  of  the  building  are  represented  at  a,  i,  c,  and  d. 

The  reader  will  now  be  able  to  form  an  estimate  of  the 
comparative  yalne  and  ingenuity  of  the  two  kinds  of  tide- 
mills  here  described.  The  simplicity  of  construction  of  the 
wheels  of  Gosset,  De  la  Deuille^  and  Dryden,  recommend 
them  strongly ;  but  we  entertain  some  doubts  of  their  being 
completely  successful  in  practice :  had  the  curious  wheels 
with  the  folding*gates,  &c.  fig.  104  and  106^  been  placed 
with  its  axle  perpencficular^  instead  of  parallel^  to  the  course 
of  the  liver,  the  water  might  then  have  always  been  admitted 
to  act  upon  the  same  side  of  it,  and  the  hydrostatic  pressure 
would  lukve  operated  as  completely  m  lowering  it  continually 
during  the  time  of  ebb,  as  in  raising  it  continually  during  the 
rising  of  the  tide ;  thus,  as  appears  to  us,  would  the  l^>our 
of  a  man  be  saved,  who,  according  to  the  present  construc- 
tioD,  must  attend  the  water-wheel;  and  all  the  additiondl 
i^paratus  now  requisite  to  shift  the  spur-wheels,  would  at 
the  same  time  be  saved,  and  a  consequent  diminution  of 
original  expense.    Dr.  Gregory's  MeebanicSy  vcd.  ii. 

In  selecting  a  site  for  the  erection  of  a  mill,  the  engineer 
must  be  careM  not  to  make  choice  of  a  spot  that  is  MMe  tp 
be  flooded.  When  the  water^  the  inill-tail  will  not  run  off 
fireely,  but  stands  pent  up  in  the  wheel-race,  so  that  the 
wheel  must  work  or  row  in -it,  the  wheel  is  said  to  be  tailed, 
or  to  be  in  back-water  or  tul-water ;  which  greatly  impedes 
the  velocity  of  the  wheel,  and,  if  the  flood  be  great,  com«- 
pletdy  stops  it. 

Every  null  that  is  well  and  pro]perly  constructed,  will  clear 
itself  of  a  considerable  depth  of  tsol-water,  provided  there  is, 
at  the  time,  an  increase  m  liie  height  of  the  water  in  the 
miil-dam  or  head,  and  an  unlimited  quantity  of  water  to  draw 
upon  the  wheel.  Common  breast-mills  will  bear  two  feet  of 
tul-water,  when  there  is  an  increase- of  head,  and  plenty  of 
water  to  be  drawn  upon  the  wheel,  without  prejudice  to  their 
performance ;  and  nulls  that  are  well  constructed,  with  slow 
moving  wheds,  vrill  bear  three  and  even  four  feet  and  up- 
wards of  tail-water.  Mr.  Smeaton  mentions  having  seen  an 
instance  of  six  feet ;  and  it  is  a  common  thing  in  level  coun- 
tries, where  tail- water  is  most  annoying,  to  lay  the  wheel 
from  she  to  twelve  inches  below  the  water's  level  of  the 
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pond  beloWj  in  order  to  increase  the  &II  of  water ;  and^  if 
judiciously  apjplied^  is  attended  with  good  effect^  as  it  in- 
creases the  diameter  of  the  wheels  and  though  it  must 
always  work  in  that  deptli  of  tail-water^  it  will  perform  full 
as  well^  because  the  water  ought  to  run  off  from  the  bottom 
of  the  wheel,  in  the  same  direction  as  the  wheel  turns. 

ON  THE   CONSTRUCTION  OF  THB  WHBBL-RACB     AND 
WATBB-COURSB. 

The  wheel-race  should  always  be  built  in  a  substantial 
manner  with  masonry,  and  if  die  stones  are  set  in  Roman 
cement,  it  will  be  much  better  tiian  common  mortar.  The 
earth,  behind  the  masonry,  should  be  very  solid,  and  if  it  is 
not  naturally  so,  it  should  be  hard  rammed  and  puddled,  to 
prevent  percolation  of  the  water.  This  applies  more  parti- 
cularly to  breast^wheels,  in  which  the  water  of  the  dam  or 
reservoir  is  usually  immediately  behind  the  wall  or  breast  in 
which  the  wheel  works,  a  sloping  apron  of  earth  being  laid 
from  the  wall  in  the  dam  to  prevent  the  water  leaking.  The 
wall  of  the  breast  should  have  pile  planking  driven  beneath^ 
to  prevent  the  water  from  getting  beneath,  because  that  might 
Mow  up  the  foundation  of  the  race.  The  stones  of  the  race 
are  hewn  to  a  mould,  and  laid  in  their  places  with  great  care  ; 
but  afterwards,  when  the  side  walls  are  finished,  and  the  axis 
of  the  wheel  placed  in  its  bearings,  a  gauge  is  attached  to  it 
and  swept  round  the  curve,  and  by  this  the  breast  is  dressed 
smooth,  and  hewn  to  an  exact  arch  of  a  circle;  the. side  walls^ 
in  like  manner,  are  hewn  flat  and  true  at  the  place  where  the 
float-boards  are  to  work.  It  is  usual  to  make  the  space  be- 
tween the  side  walls  two  inches  narrower  at  each  side,  in  the 
circular  part  where  the  float  acts,  than  in  the  other  parts. 

In  some  old  mills  the  breast  is  made  of  wood  planking, 
but  this  method  has  so  little  durability  that  it  cannot  be 
recommended. 

In  modem  mills,  the  breast  is  lined  with  a  cast-iron  plate^ 
but  v^e  do  not  approve  of  this,  because  it  is  next  to  impossible 
to  prevent  some  small  leakage  of  water  through  the  masonry  ; 
and  this  water,  being  confined  behind  the  iron  breast,  cannot 
escape,  but  its  hydrostatic  pressure  to  force  up  the  iron  is 
enormous  ;  and  if  the  water  can  ever  insinuate  itself  behind 
the  whole  surface  of  the  plate,  rarely  6dls  to  break  it,  if  not 
to  blow  it  up  altogether.  This  is  best  guarded  against  by 
making  deep  ribs  projecting  from  the  back  of  the  plate,  and 
bedding  them  with  great  care  in  the  masonry;  these  not 
only  strengthen  the  plate,  but  also  cut  off  the  communication 
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of  the  water,  so  that  it  cannot  act  upon  larger  surfaces  at 
oDce^  thaii  the  strength  and  weight  of  the  pUte  can  resist. 
Stone  is  undoubtedly  the  best  materials  for  a  breasting.  In 
orershotrwheels  the  loss  of  water,  by  running  out  of  the 
buckets  as  they  approach  the  bottom  of  the  wheel,  may  be 
considerably  mnunished  by  accurately  forming  a  sweep  or 
cafflng  round  the  lower  portion  of  the  wheel,  so  as  to  prevent 
the  immediate  escape  of  the  water,  and  causing  it  to  act  in 
the  manner  of  a  breast^wheel.  While  this  improvement 
remains  in  good  condition,  and  the  wheel  works  truly,  it 
produces  a  very  sensible  effect ;  but  it  is  frequently  objected 
to,  because  a  stick  or  a  stone  falling  into  the  wheel  would 
be  liable  to  tear  off  part  of  its  shrouding,  and  damage  the 
buckets ;  and  again,  a  hard  frost  frequently  binds  all  fiist, 
and  totally  prevents  the  possibility  of  working  diuing  its 
continuance ;  but  we  do  not  think  the  latter  a  great  objection, 
for  the  water  is  not  more  liable  to  freeze  there  than  in  the 
buckets,  or  in  the  shuttle,  and  may  be  prevented  by  the  same 
means,  viz.  by  keeping  the  wheel  always  in  motion,  a  very 
small  stream  of  water  left  running  all  night  will  be  sufficient. 
Mr.  Smeaton  always  used  such  sweeps,  and  with  very  good 
effect;  it  is  certainly  preferable  to  any  intricate  work  in  Uie 
form  of  the  buckets. 

Mill-courses. — As  it  is  of  the  highest  importance  to  have 
the  height  of  the  fall  as  great  as  possible,  the  bottom  of  the 
canal  or  dam  which  conducts  the  water  from  the  river  should 
have  a  very  small  declivity ;  for  the  height  of  the  water-fall 
will  diminish  in  proportion  as  the  declivity  of  the  canal  is 
increased ;  on  this  account,  it  will  be  sufficient  to  make  AB, 
fig.  100,  slope  about  one  inch  in  200  yards,  taking  care  to 
make  the  declivity  about  half  an  inch  for  the  first  48  yards, 
in  order  that  the  water  may  have  a  velocity  sufficient  to  pre- 
vent it  from  flowing  back  into  the  river.  The  inclination  of 
the  &11,  represented  by  the  angle  G  C  R,  should  be  25''  50"  -, 
or  C  R,  the  radius,  should  be  to  G  R,  the  tangent  of  this 
angle,  as  100  to  48,  or  as  25  to  12 ;  and  since  the  surface 
of  the  water  S  ib  is  bent  from  a  b  into  a  c,  before  it  is  pre- 
cipitated down  the  fall,  it  will  be  necessary  to  incurvate  the 
upper  part  B  C  D  of  the  course  into  B  D,  that  the  water  at 
the  bottom  may  move  parallel  to  the  water  at  the  top  of  the 
stream.  For  this  purpose,  take  the  points  B,  D,  about 
12  indies  distant  from  C,  and  raise  the  perpendiculars  BE, 
D£;  the  point  of  intersection  £  will  be  the  centare,  from 
which  the  arch  B  D  is  to  be  described  y  the  radius  being  about 
10^  inches. 
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Now,  in  oidw  that  the  water  may  act  more  adtraritageously 
upon  the  float-boards  of  the  wheel  W  W,  it  must  aasume  a 
horizontal  direction  H  K,  with  the  same  velocity  which  it 
would  have  acquired  when  it  came  to  the  point  U :  but,  in 
falling  from  C  to  G,  the  water  will  dash  upon  the  horizontal 
part  H  G,  and  thus  lose  a  great  part  of  its  velocity ;  it  will 
be  proper,  therefiDre,  to  make  it  move  along  F  H,  an  arch  of 
a  circle,  to  which  D.  F  and  K  H  are  tangents  in  the  points  P 
and  H.    For  this  purpose,  make  G  F  and  G  H  each  equal  to 
three  feet,  and  raise  the  perpendiculars  H  I,  FI,  which  will 
intersect  one  another  in  the  points  I,  distant  about  four  feet 
nine  inches  and  Aths  from  the  points  F  and  H,  and  the 
centre  of  the  arch  F  H  will  be  determined.    The  distance 
H  K,  through  which  the  water  runs  before  it  acts  upon  the 
wheel,  should  not  be  less  than  two  or  three  feet,  in  order  that 
the  different  portions  of  the  fluid  may  have  obtained  a  hori- 
zontal direction ;  and  if  H  K  be  much  larger,  the  velocity  of 
the  stream  would  be  diminished  by  its  friction  on  the  bottom 
of  the  course.    That  no  water  may  escape  between  the  bot- 
tom of  the  course  K  H  and  the  extremities  of  the  float- 
boards,  K  L  should  be  about  three  inches,  and  the  extremity 
o  of  the  float-board  n  o,  should  be  beneath  the  line  H  KX, 
sufScient  room  being  left  between  o  and  M  for  the  play  of 
the  wheel,  or  K  L  M  may  be  formed  into  the  arch  of  a.  circle 
KM,  concentric  with  the  wheel.    The  line  LMV,  called 
by  M.  Fabre  the  course  of  impulsion,  (le  coursier  d'impulsion,) 
should  be  prolonged,  so  as  to  support  the  water  as  long  as  it 
can  act  upon  the  float-boards,  and  should  be  about  nine 
inches  distant  from  O  P,  a  horizontal  line  passing  through  O, 
the  lowest  point  of  the  fall ;  for  if  O  L  were  much  less  than 
nine  inches,  the  water,  having  spent  the  greater  part  of  its 
force  in  impelling  the  float-boards,  would  accumulate  below 
the  wheel  and  retard  its  motion.     For  the  same  reason,  an- 
other course,  which  is  called  by  M.  Fabre  the  course  of  dis- 
charge, (le  coursier  de  d^charge,)  should  be  connected  with 
LM  V  by  the  curve  V N,  to  preserve  the  remaining  velocity 
of  the  water,  which  woidd  otherwise  be  destroyed  by  fisdlin^ 
perpendicular  from  V  to  N.    The  course  of  discharge  is  re- 
presented by  V  Z,  sloping  from  the  point  O.     It  should  be 
about  16  yards  long,  having  an  inch  of  declivity  in  every  two 
yards.     The  canal,  which  reconducts  the  water  from  the 
course  of  discharge  to  the  river,  should  slope   about  four 
inches  in  the  first  200  yards,  three  inches  in  the  second  200 
yards,  decreasing  gradually  till  it  terminates  in  the  river.     But 
if  the  river,  to  which  the  water  is  conveyed,  should,. wheu 
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BwoUea  by  the  rains^  force  lihe  water  back  upon  the  ^heel,  the 
canal  must  have  a  greater  declivity,  in  order  to  prevent  this  from 
taking  {riace.  Hence  it  will  be  evident,  that  very  accurate  le veU 
ling  is  neceaaary  for  the  proper  formation  of  the  mill-course. 

ON   SBTTIKG   OUT   WATER-COURSKS    AND   BAMS. 

Thb  most  ancient  mills  were  undershot-wheels  placed  in 
the  cmrent  of  an  open  river,  the  building  containing  the  miH 
b^ng  set  upon  piles  in  the  river.  It  would  soon  be  observed 
thai  the  power  of  the  mill  would  be  greatly  increased  if  all  the 
water  of  the  river  was  concentrated  to  the  wheel,  by  making  an 
obstruction  across  the  river  which  penned  up  the  water  to  a 
required  height ;  and  also  to  form  a  pool  or  reservoir  of  water. 
A  sluice  or  sliuttLe  would  then  become  necessary  to  regulate 
the  admission  of  water  to  the  wheel,  and  other  sluices  would 
be  Beceesary  to  allow  the  water  to  escape  in  times  of  floods ; 
for  though  in  ordinary  times  the  water  would  run  over  the 
top  of  the  obstruction  or  dam,  yet  a  very  great  body  of  water 
ruBniDg  over  might  carry  away  the  whole  work,  by  washing 
away  the  earth  at  the  foot  of  the  dam,  and  then  overturning 
it  into  the  excavation.  Tliis  is  an  accident  which  frequently 
happens  to  mills  so  situated ;  and  the  dangei  is  so  obvious, 
that  most  water-mills  are  now  removed  to  the  side  of  the 
river,  and  a  channel  is  dug  from  the  river  to  the  mill  to 
supply  it  with  water,  and  another  to  return  the  water  from 
the  mill  to  the  river.  The  differene^  of  level  between  these 
two  channels  is  the  fall  of  water  to  work  the  mill,  dad' this  is 
kept  up  by  means  of  a  wear  or  dam  entirely  across  the  river, 
but  the  water  can  run  freely  over  this  dam  in  case  of  fioodfe, 
without  at  all  affecting  the  mill,  because  the  entrance  to  the 
channel  of  supply  is  regulated  by  sluices  and  side  walls. 

The  dam  should  be  erected  across  the  river  at  a  broad 
part,  where  it  will  pen  up  the  water  so  as  to  form  a  large 
pond  or  reservoir,  which  is  called  the  mill-pond  or  dam-head, 
Tliia  reservoir  is  useful  to  gather  the  water  which  comes 
down  the  river  in  the  night,  and  reserve  it  for  the  next  day's 
eonsomption ;  or  for  such  mills  as  do  not  work  incessantly, 
but  which  require  more  water,  when  they  do  work,  than  the 
ordinary  stream  of  the  river  can  supply  in  the  same  time. 
Xhe  laiger  the  surface  of  the  pond  is,  the  more  efficient  it 
vrill  be,  but  depth  will  not  compensate  for  the  want  of 
surface,  because,  as  the  surface  smks,  when  the  water  is 
drawn  off,  the  fell  on  descent  of  the  water,  and  consequently 
tfae  power  of  the  water,  diminishes. 

1^  dam  for  a  large  river  should  be  constructed  with  the 
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utmost  solidity;  wood  framing  is  very  commonly  uaed^  but 
masonry  is  prdferable.  Great  care  must  be  taken,  by  driving 
pile  plaiiking  under  the  dam,  to  intercept  all  leakage  of  the 
water  beneath  the  groimd  under  the  dam,  as  that  loosens  the 
earth,  and  destroys  the  foundation  imperceptibly,  when  a 
violent  flood  may  overthrow  the  whole.  It  is  a  common 
practice  to  place  the  dam  obliquely  across  the  river,  with  a 
view  of  obtaining  a  greater  length  of  wall  for  the  water  to  run 
over,  and  consequently  prevent  its  rising  to  so  great  a  height, 
in  order  to  give  vent  to  the  water  of  a  flood.  But  this  is 
very  objectionable,  because  the  current  of  water  constantly 
running  over  the  dam,  always  acts  upon  the  shore  or  bank  of 
the  river  at  one  point,  and  will  in  time  wear  it  away,  if  not 
prevented  by  expensive  works.  This  difficulty  is  obviated 
oy  making  the  dam  in  two  lengths  which  meet  in  an  angle  >, 
the  vertex  pointing  up  the  stream.  In  this  vray  the  currents 
of  water,  coming  from  the  two  opposite  parts  of  the  dam, 
strike  together,  and  spend  their  force  upon  each  other, 
without  injuring  any  part.  A  still  better  form  is  a  segment 
of  a  circle,  which  has  the  additional  advantage  of  strength, 
because  if  the  abutments  at  the  banks  of  the  river  are 
firm,  the  whole  dam  becomes  like  the  arch  of  a  bridge  laid 
down  horizontally.  This  was  the  form  generally  used  by 
Mr.  Smeaton. 

The  foot  of  the  dam  where  the  water  runs  down  should  be 
a  regular  slope  with  a  curve,  so  as  to  lead  the  water  down 
regularly;  and  .this  part  should  be  evenly  paved  with  stone, 
or  planked,  to  prevent  the  water  from  tearing  it  up  when  it 
moves  with  a  great  velocity. 

When  the  fell  is  considerable,  it  may  be  divided  into  more 
than  one  dam;  and  if  the  lower  dam  is  made  to  peh  the  water 
upon  the  foot  of  the  higher  dam,  then  the  water  running 
over  the  higher  dam,  will  strike  into  the  water,  and  lose  its 
force.    There  is  nothing  can  so  soon  exhaust  the  force  of 
rapid  currents  of  water  as  to  fall  into  other  water,  because 
its  mechanical  force  is  expended  in  changing  the  figure  of 
the  water ;  but  when  it  foils  upon  stone  or  wood,  its  force  is 
not  taken  away,  but  only  reflected  to  some  other  part  of  the 
channel,  and  may  be  made  to  act  upon  such  a  great  extent  of 
surface  as  to  do  no  very  striking  injury  at  any  one  time ;  but 
by  degrees  it  wears  away  the  banks,  and  requires  constant 
repairs :  for  it  is  demonstrable  that,  as  much  of  the  force  of 
the  water  as  is  not  carried  away  by  the  rapid  motion  with 
which  it  flows,  after  passing  the  dam,  must  be  expended 
eitiier  in  changing  the  figure  of  the  water,  or  in  washing 
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away  the  banks^  or  in  the  friction  of  the  water  running  oyer 
the  bottom. 

The  cotton-works  of  Messrs.  Strutt,  at  Belper,  m  DeAy- 
slure,  are  on  a  large  scale^  and  the  most  complete  we  have 
ever  seen,  in  their  dams  and  water-works,  llie  mills  are 
turned  by  the  water  of  the  river  Derwent,  which  is  very 
subject  to  floods.  The  great  wear  is  a  semicircle,  built  of 
very  substantial  masonry,  and  provided  with  a  pool  of  water 
below  it,  into  which  the  water  &lls.  On  one  side  of  the 
wear  are  three  sluices,  each  20  feet  wide,  which  are  drawn 
up  in  floods,  and  allow  the  water  to  pass  sideways  into  the 
same  pool ;  and  on  the  opposite  side  is  another  such  sluice, 
22  feet  wide.  The  water  is  retained  in  the  lower  pool  by 
some  obstruction  which  it  experiences  in  running  beneath 
the  arches  of  a  bridge;  but  the  principal  fall  of  the  water  is 
broken  by  falling  into  the  water  of  the  pool,  beneath  the 
great  semicircular  wear. 

The-  water  which  is  drawn  off  from  the  mill-dam  above 
the  wear,  passes  through  three  sluices,  20  feet  wide  each,  and 
is  then  distributed  by  different  channels  to  the  mills,  which 
are  situated  at  the  side  of  the  river,  and  quite  secure  from 
all  floods*  There  are  six  large  water-wheels;  one  of  them, 
which  is  40  feet  in  breadth,  we  have  mentioned,  from  the 
IngeDuity  of  its  construction;  and  another,  which  is  made  in 
two  breadths  of  15  feet  each,  we  have  also  described.  They 
are  all  breast-wheels.  The  iron-works  of  Messrs.  Walker, 
at  Rotherham,  in  Yorkshire,  are  very  good  specimens  of 
water- works;  as  also  the  Carron- works  in  Scotland. — ^Dr, 
Rees's  Cyclopaedia  and  Dr.  Brewster's  Ferguson. 

PENSTOCK. 

Ths  following  is  a  description  of  a  pentrough  and  stock  for 
equalizing  the  water  falling  on  water-wheels,  by  Mr.  Quayle. 

To  ensure  a  regular  supply  of  water  on  the  wheel,  and  to 
obviate  the  inconveniencies  arising  from  the  usual  mode  of 
delivering  it  from  the  bottom  of  the  pentrough,  this  method 
is  devised  of  regulating  the  quantity  delivered  by  a  float,  and 
taking  the  whole  of  the  water  from  the  surface. 

Section  of  the  pentrough.  Fig.  99.  A,  the  entrance  of  the 
water  ;  B,  the  float,  having  a  circular  aperture  in  the  centre, 
in  which  is  suspended  C,  a  cylinder,  running  down  in  the  case 
£  below  the  bottom  of  the  pentrough.  This  is  made  water* 
iight  at  the  bottom  of  the  pentrough  at  F,  by  a  leather  collar 
placed  between  two  plates,  and  screwed  down  to  the  bottom. 

Tbe  cylinder  is  secured  to  the  float  so  as  to  follow  its  rise 
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and  faU ;  and  the  water  is  admitted  into  it  through  the  opening 
in  its  sides^  and  there^  passing  through  the  hox  or  case  £, 
rises  and  issues  at  G  on  the  wheel.  By  this  means,  a  uniform 
quantity  of  water  is  obtained  at  G;  which  quantity  can  be 
increased  ot  diminished  by  the  assistance  of  a  small  rack 
and  pinion  attached  to  the  cylinder,  which  will  raise  or 
depress  the  cylinder  above  or  under  the  water  line  of  the 
float;  and,  by  raising  it  up  to  the  top,  it  stops  the  water 
entirely,  and  answers  the  purpose  of  the  common  shuttle. 
This  pinion  is  turned  by  the  handle  K,  similar  to  a  winch- 
handle;  and  is  secured  from  running  down  by  a  ratchet- 
wheel  at  the  opposite  end  of  the  pinion  axis. 

K  and  L  are  two  upright  rods  to  preserye  the  perpendicular 
rise  and  sinking  of  the  float,  nmmng  through  the  float,  aud 
secured  at  the  top  by  brackets  from  the  sides. 

M,  a  board  let  down  across  the  pentrough  nearly  to  the 
bottom,  to  prevent  the  horizontal  impulse  of  the  water  from 
disturbing  the  float. 

Fig.  99*.  A  transverse  section,  showing  the  mode  of 
fixing  the  rack  and  pinion,  and  their  supports  on  the  float. 
The  rack  is  inserted  into  a  piece  of  metid  running  across  the 
cylinder  near  the  top.  That  the  water  may  pass  more  freely 
when  nearly  exhausted^  the  bottom  of  the  cylinder  is  not  a 
plane,  but  is  cut  away  so  as  to  leave  two  feet,  as  at  C, 
fig.  99.  The  float  is  also  kept  firom  lying  on  the  pentrough 
bottom  by  four  small  feet}  so  that  the  water  gets  under  it 
regularly  from  the  first. 

Fig.  99**,  An  enlarged  view  of  the  cylinder,  showing  the 
rack  and  ratchet-wheel,  with  the  clink,  and  one  of  the  openings 
on  the  side  of  the  cylinder;  the  winch  or  handle  being  on  the 
opposite  side,  and  the  pinion,  by  which  the  rack  is  raised^ 
enclosed  in  a  box  between  them. 

Mft.  smeaton's  pentrough. 

Fig.  93*.  G  represents  the  pentrough  through  which  the 
water  flows,  and  F  F  strong  cross-beams  on  which  it  is  sup- 
ported; the  wheel  is  situated  very  close  beneath  the  bottom  of 
the  trough,  as  the  figure  shows.  £  £  are  two  arms  of  the 
wheel,  which  are  put  together,  as  shown  in  fig.  110.  B  D  is 
t^e  wooden  rim  of  the  wheel;  the  narrow  circle  beyond  this  is 
the  section  of  the  sole  planking,  and  on  the  outside  of  this  the 
bucket-boards  are  fixed  as  the  figure  shows ;  one  of  the  bottom- 
boards,  i,  of  the  trough  at  the  end  is  inclined,  and  an  opening 
is  left  between  that  end  and  the  ot^er  boards  of  the  bottom,  to 
let  the  water  pass  through;  this  opening  is  closed  by  a  sliding 
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shuttle^  Cf  which  is  fitted  to  the  bottom  of  the  trough^  and 
can  be  moved  backwards  and  forwards  by  a  rod  df  and 
lever  e,  which  is  hxed  into  a  strong  axis/;  this  axis  has  a 
long  lever  on  the  end,  which,  being  moved  by  the  miller, 
draws  the  shuttle  along  the  bottom  of  the  trough,  and 
increases  or  diminishes  the  aperture  through  which  the 
water  issues.  The  extreme  edge  of  the  shuttle  is  cut 
inclined,  to  make  it  correspond  with  the  inclined  part  6, 
and  by  this  means  it  opens  a  parallel  passage  for  the 
water  to  run  through,  and  this  causes  the  water  to  be 
delivered  in  a  regular  and  even  sheet;  and  to  contribute  to 
this  the  edges  of  the  aperture  where  the  water  quits  it  are 
rendered  sharp  by  iron  plates;  the  shuttle  is  made  tight 
where  it  lies  upon  the  bottom  of  the  trough,  by  leather,  so  as 
to  avoid  any  leakage  when  the  shuttle  is  closed.  When  the 
wheel  is  of  considerable  breadth,  the  weight  of  the  water 
might  bend  down  the  middle  of  the  trough  until  it  touched 
the  whed*,  to  prevent  this,  a  strong  beam,  O,  is  placed  across 
the  trough,  and  the  trough  is  suspended  from  this  by  iron 
bolts  which  pass  through  grooves  m  the  shuttle,  so  that  they 
do  not  interfere  with  the  motion  of  the  shuttle. 

Mr.  Nouidtle  took  out  a  patent,  in  October,  1812,  for  a 
new  method  of  laying  water  upon  an  overshot-^wheel,  (see 
fig.  94,)  which  he  thus  describes  i"^^*  In  my  new  method  of 
applying  water  to  vrater-wbeels,  I  cause  it  to  commence  its 
action  upon  a  point  of  the  wheel's  circumference,  which  is 
about  53  degrees  distant  from  the  vertex,  or  the  highest  point 
tbereof,in&tead  of  applying  it  at  the  top  of  the  wheel,  as  hereto- 
fore commonly  practised  for  overshot- wheels.  By  these  means 
I  can  have  the  advantages  of  a  large  wheel  in  situations  where 
the  fall  would  only  allow  of  a  smaUer,  if  the  water  was  applied 
at  the  top ;  thus,  if  there  be  a  perpendicular  of  12  feet,  I  cause 
a  wheel  of  1^  feet  diameter  to  be  made,  and  of  course  the 
water  must  be  made  to  act  upon  it  at  a  height  of  12  feet, 
which  is  three  feet  perpendicular  below  the  top  of  the  wheel, 
and  at  about  63  degrees  from  the  top,  measured  round  its 
drcuttCerence  as  above  stated.  I  make  the  pentrough  which 
brings  the  water  to  the  wheel  of  such  a  form  that  it  delivers 
the  water  firom  the  bottom  of  it  through  the  floor,  and  is 
difeeted  at  such  an  angle  as  to  fell  mto  the  buckets  nearly 
in  the  diirection  of  the  wheel's  motion,  which  will  be  at  an 
isngle  ol  ^b  degrees  with  the  horizon;  the  shuttle  or  gate 
slides  apon  the  floor  of  the  trough,  so  as  to  cover  the  aperture, 
and  detem^ne  the  quantity  of  waiter  to  be  let  out  trpon  the 
wheel. 
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'^  The  exact  manner  of  carrying  this  prindple  into  effect  is 
particularly  explained  by  the  annexed  drafts  which  is  a  vertical 
section  of  a  water-wheel  on  my  improved  plan.  In  this  the 
dotted  line  A  A,  fig.  116^  represents  the  level  of  the  water 
at  its  full  head^  and  B  the  level  of  the  tail- water;  therefore 
AB  is  the  extreme  fall,  A  C  is  the  depth  of  the  water  in  the 
pentrough.  Now,  instead  of  the  common  practice  of  making 
a  wheel  of  the  diameter  equal  to  BC,  t  make  the  wheel 
DEFG  one-fourth  larger  than  BC,  then  the  water  will  be 
delivered  upon  it  at  the  point  £.  The  floor  C  of  the  pen- 
trough  C  H  L|  does  not  come  up  to  meet  the  end  H  thereof, 
but  leaves  a  small  space  through  which  the  water  issues  in 
the  direction  of  the  dotted  line  1 1,  to  the  buckets  of  the 
wheel.  The  breadth  of  this  space  is  determined  by  the 
shuttle  K,  which  lajrs  flat  upon  the  floor  of  the  pentrouffh, 
and  slides  over  the  aperture.  It  is  regulated  by  means  of  a 
lever  N,  acted  upon  by  a  screw,  rack,  or  other  adjustment^  at 
M,  and  the  water  is  thus  delivered  in  a  very  thin  and  regular 
sheet  into  the  buckets." 

Fig.  117  represents  a  method  of  laying  on  water  which 
has  for  several  years  been  in  common  use  in  Yorkshire  and 
the  north  of  England.  In  this  the  water  is  not  applied  quite 
at  the  top  of  the  wheel,  but  nearly  in  the  same  position  as 
the  last  described;  but  the  advanU^es  of  this  wheel  over  all 
others  is,  that  the  water  can  be  delivered  at  a  greater  or  less 
height,  according  to  the  height  at  which  the  water  stands  in 
the  trough;  but  in  all  the  preceding  methods,  if  the  water  is 
subject  to  variations  of  height,  as  all  rivers  are,  then  the 
wheel  must  be  diminished,  so  that  in  t^e  lowest  state  of  the 
water  it  will  stand  a  suf&cient  depth  above  the  orifice  in  the 
bottom  of  the  trough  to  issue  with  a  velocity  rather  greater 
than  the  motion  of  the  wheel.  In  this  case,  when  the  water 
rises  to  its  usual  height,  or  above  it,  the  increase  of  fall  thus 
obtained  is  verv  little  advantage  to  the  wheel ;  the  improved 
wheel  can  at  all  times  take  the  utmost  £eJ1  of  the  water,  even 
when  its  height  varies  from  three  to  four  feet.  A  A  is  the 
pentrough  made  of  cast-iron;  the  end  of  it  is  formed  by  a 
grating  of  broad  flat  iron  bars,  which  are  inclined  in  the 
proper  position  to  direct  t^e  water  through  them  into  the 
bucKcts  of  the  wheel.  The  spaces  between  the  bars  are  shut 
up  by  a  large  sheet  of  leather,  which  is  made  &st  to  the 
bottom  of  the  iron  trough  at  a,  and  is  applied  against  the 
bars;  and  the  pressure  of  the  water  keeps  it  in  close  contact 
with  the  bars,  so  as  to  prevent  any  leakage.  This  is  the 
real  shuttie,  and  to  open  it  so  as  to  give  the  required  stream 
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of  water  to  the  wheels  the  upper  edge  of  the  leather  is 
wrapped  round  a  smaller  roller^  h ;  the  pivots  at  the  ends  of 
this  roller  are  received  in  the  lower  ends  of  two  racks^  which 
are  made  to  slide  up  and  down  by  the  action  of  two  pinions 
fixed  upon  a  common  axis  which  extends  across  the  trough; 
this  axis  being  turned,  raises  up  or  lowers  dovm  the  roller^ 
and  the  leather  shutde  winds  upon  it  as  it  descends,  or 
unwinds  from  it  as  it  ascends,  so  as  to  open  more  of  the 
spaces  between  the  bars,  or  close  them,  as  it  is  required.  In 
order  to  make  the  roller  take  up  the  leather,  and  always  draw 
it  tight,  a  strap  of  leather  is  wound  round  the  extreme  ends 
of  the  rollers,  beyond  the  part  where  the  leather  shuttle  rolls 
upon  it.  These  straps  are  carried  above  water  and  applied  on 
wheels^  which  wind  them  up  with  a  very  considerable  tension, 
by  the  action  of  a  band  and  weight  wrapped  on  the  circum- 
ference of  a  wheel,  which  is  on  the  end  of  the  axis  of  those 
wheels. 

The  water  runs  over  the  upper  side  of  the  roller,  and  flows  \ 
through  the  spaces  between  the  grating  into  the  buckets  of 
the  wheel;  the  descent  of  the  water  passing  through  the 
bars^  and  afterwards  in  falling  before  it  strikes  the  bottom 
of  the  bucket,  is  found  fully  sufficient  to  produce  the  neces- 
sary velocity  of  the  water,  for  a  fall  of  four  inches  produces 
a  velocity  of  more  than  four  feet  per  second. 

We  recommend  this  as  the  best  method  of  applying  the 
water,  as  we  see  in  all  other  forms  that  a  much  greater 
portion  of  the  fall  is  given  up  in  order  to  make  the  water 
flow  into  the  wheel;  not  that  any  such  depth  as  is  commonly 
given  is  at  all  necessary,  but  the  aperture  in  the  trough 
must  be  placed  so  low  that  the  water  will  run  through  it  in 
the  very  lowest  states  of  the  water,  otherwise  the  wheel 
must  stop  at  such  times. — ^Dr.  Rees's  Cyclopedia,  Reper^ 
tmy  ofArUj  1813. 

SLUICB   GOVERNOR   FOR   RJSGULATTNG  THE   INTROPUCTION   OF 
WATER   UPON   WATER-WHEELS   OF   ALL   KINDS. 

The  ingenious  Mr.  Bums  actually  constructed  for  the 
Cartside  Cotton  Mills,  the  sluice  governor,  represented  at 
figs.  118,  119,  120,  and  121,  which  was  considered  of  such 
advantage  as  to  produce  a  saving  of  more  than  100/,  per  annum. 

The  motion  of  the  water-wheel  is  communicated  by  a  belt 
or  rope  going  round  the  pulley  I  to  the  axis  £  F,  which 
carries  the  bails  G  H,  fig.  118.  This  motion  is  conveyed  to 
the  upright  shaft  T,  by  the  wheels  and  pinions  Q,  R,  S,  T, 
and  the'  \f  heel  N  at  the  bottom  of  the  shaft  drives  the  wheels 
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O,  P,  figs.  119  and  120,  in  opposite  directions*  When  the 
velocity  of  the  wheel  is  such  as  is  required,  the  wheels  O,  P 
move  loosely  about  the  axis,  and  cany  the  motion  no  fiarther. 
But  when  die  velocity  of  the  wheel  is  too  great,  the  balls 
G,  H,  separated  by  tne  increase  of  centrifd^  force,  raise 
the  box  a  upon  the  shaft  E  F.  An  iron  cross  i  c,  see  fig.  121, 
is  fitted  into  the  box  a.  This  cross  works  in  the  four  prongs 
of  the  fork  e  i  c,  fig.  1 19,  at  the  end  of  the  lever  d  qfe^  which 
moves  horizontally  round  /  as  its  centre  of  motion.  When 
the  box  a  is  stationary,  which  is  when  the  wheel  has  its 
proper  velodty,  the  iron  cross  works  within  two  of  the 
pronffs  so  as  not  to  affect  the  lever  a/c,  bilt  to  dlRitr  the 
clutch  a  q,  fixed  at  the  end  of  the  lever,,  to  be  disengnged 
from  the  wheels.  When  the  cross  be  rises,  it  strikes  in 
turning  round  the  prong  3,  see  fig.  121,  which  drives  aside  the 
lever  eftty  and  throws  the  clutch  q  into  the  amts  of  the 
wheel  P,  figs.  1 1 9, 120.  This  causes  it  to  drive  round  the  shaft 
DC  in  one  direction.  When  the  iron  cross  be,  on  the 
contrary,  is  depressed  by  any  diminution  in  the  velocity  of 
the  wheel,  it  strikes  in  turning  round  the  prong  4,  which 
pushes  aside  the  lever  efdy  and  throws  the  clutch  q  into  the 
wheel  O.  This  causes  the  wheel  O  to  drive  the  shaft  in  ati 
opposite  direction  to  that  in  which  it  was  driven  by  P. 
m>w  the  shaft  D  C,  which  is  thus  put  in  motion,  drives,  by 
means  of  the  pinion  C  and  wheel  B,  the  inclined  shaft  B  W, 
which,  by  an  endless  screw,  X,  working  in  the  toothed 
quadrant  Z,  elevates  or  depresses  the  sluice  K  L,  and  admits 
a  greater  or  a  less  quantity  of  water,  according  to  the  mothMi 
{^ven  to  the  shaft  by  the  wheel  P  or  O.  Tins  change  in 
tibe  aperture  is  produced  very  gradually,  as  the  train  of  tdieel- 
work  is  made  so  as  to  reduce  the  motion  at  the  sluice.  The 
centre  in  which  the  sluice  turns  should  be  one-third  of  its 
height  firom  the  bottom,  in  order  that  the  pressure  of  the 
water  on  the  part  above  t^e  centre  may  balance  the  pressure 
on  the  part  below  the  centre. 

MR.   FBRGUSON's   roles   FOR  THB  COMSTRUCTIOIR  OF 
UNDERSHOT  WATER-MILLS. 

When  the  float-boards  of  the  water-wheel  move  with 
a  third  part  of  the  velocity  of  the  water  that  acts  upon  them, 
the  water  has  the  greatest  power  to  turn  the  mill:  and  when 
the  mill-stone  makes  about  60  revolutions  in  a  minute,  it  is 
found  to  do  its  worit  the  best.  For,  when  it  makes  but 
iibout  40  or  50  it  grinds  too  slowly,  and  when  it  makes  more 
than  70,  it  heats  the  meal  too  much,  and  cuts  the  bran  so 
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BinaU,  that  a  great  part  thereof  mixes  withthn  meat,  and 
cannot  be  sepoiated  from  it  by  sifdnff  or  bOulting.  Conse- 
quently^ the  utmost  perfection  of  mifi-work  lies  in  making 
tiie  train  so,  as  that  the  mill-stone  shall  make  about  60  turns 
in  a  minute  when  the  water-wheel  moves  with  a  third  part 
of  the  velocity  of  the  water.  To  have  it  so^  observe  the 
foUowii^  rules: 

1.  Measure  the  perpendicular  height  of  Ae  fall  of  water, 
in  feet^  above  the  midde  of  the  aperture,  where  it  is  kt  out 
to  act  by  impulse  against  the  float-boards  on  the  lowest  side 
of  the  undershot-wheel. 

2.  Multiply  this  constant  number  64.2882,  by  the  height 
of  the  fall  in  feet,  and  extract  the  square  root  of  the  product, 
which  shall  be  the  velocity  of  the  water  at  the  bottom  of  the 
fall,  or  the  number  of  feet  the  water  moves  per  second. 

3.  Divide  the  velocity  of  the  water  by  3,  and  the  quotient 
shall  be  the  velocity  of  the  floats  of  the  wheel,  in  ^t,  per 
second. 

4.  IMvide  die  circumference  of  the  wheel  in  feet,  by  the 
velocity  of  its  floats^  and  the  quotient  will  be  the  number  of 
seconds  in  one  turn  or  revolution  of  the  great  water-wheel 
on  whose  axis  the  cog-wheel  that  turns  the  trundle  is  fixed. 

6.  Divide  60  by  the  number  of  seconds  in  a  turn  of  the 
water-wheel,  or  oog-wheel,  and  the  quotient  will  be  the 
number  of  turns  of  either  of  these  wheels  in  a  minute. 

6.  By  this  number  of  turns  divide  60,  (the  number  of  turns 
the  null-stone  ought  to  have  in  a  minute,)  and  the  quotient 
will  be  the  number  of  turns  the  miU-stone  ought  to  have  for 
one  torn  of  the  wat«  or  cog  wheel.    Then, 

7-  As  the  required  number  of  turns  of  the  mill-stone  in  a 
minute  is  to  the  number  of  turns  of  the  cog-wheel  in  a 
minute,  so  must  the  number  of  cogs  in  the  wheel  be  to  the 
number  of  staves  in  the  trundle  on  tiie  axis  of  the  miU-stone, 
m  the  nearest  whole  number  that  can  be  found.  B^  these 
rules  the  following  table  is  calculated;  in  which  the  diameter 
of  the  water-wheel  is  supposed  to  be  18  feet,  (and  conse- 
quently its  drctunference  66f  feet,)  and  the  <fistance  of  the 
miU-stone  to  be  five  feet. 
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Required  number  of  turas 
of  the  mill-stones  for 
each  turn  of  the  wheel. 

Nearest  number  of  cogs 
and   stares   for    that 
purpose. 

Number  of  turns  of  the 
mill-stone  for  one  turn 
of  the  wheel  by  these 
cogs  and  stares* 

Number  of  turns  of  tbe 
mill-stone  in  a  minute 
by    these     cogs    and 
stares. 

Cogs.  Stares. 

1 

802 

2-67 

2-63 

*1'20 

127     6 

2117 

59-91 

« 

11-40 

3-72 

4-00 

1500 

105     7 

15-00 

60  00 

3 

13-89 

4-63 

4-91 

12-22 

98     8 

12-25 

60  14 

4 

16-04 

5-36 

6-67 

10-58 

95     9 

10-56 

59-87 

5 

17-93 

5-98 

6-34 

9-46 

85     9 

9-44 

59-84 

6 

1964 

6-55 

6-94 

8-64 

78     9 

8-66 

6010 

7 

21*21 

7-07 

7-50 

8-00 

72     9 

8-00 

6000 

8 

22-68 

7-56 

802 

7-48 

er   9 

7-44 

59-67 

9 

24-06 

802 

851 

705 

70  10 

700 

59-57 

10 

25-35 

8-45 

8-97 

6-69 

67  10 

6-70 

6009 

11 

26-59 

8-86 

9-40 

6-38 

64  10 

6-40 

6016 

12 

27-77 

9-26 

9-82 

6-11 

61   10 

610 

69-90 

13 

28-91 

9-64 

10-22 

5-87 

59  10 

5-90 

6018 

14 

3000 

1000 

10-60 

5-66 

56  10 

5-60 

59-36 

15 

31-05 

10-36 

10-99 

5-46 

65  10 

5-40 

50-48 

16 

3207 

10-69 

11-34 

5-29 

53  10 

5-30 

60-10 

17 

3306 

1102 

11-70 

5-13 

51  10 

5-10 

59-67 

18 

3412 

11-34 

12-02 

490 

50  10 

600 

6010 

19 

34-95 

11-65 

12-37 

4-85 

49  10 

4-80 

60-61 

20 

35-86 

11-92 

12-68 

4-73 

47  10 

4-70 

59-59 

1 

.  2 

3 

4 

5 

6 

7 

8 

Example, — Suppose  an  undershot-mill  is  to  be  built  wbere 
ihe  perpendicular  height  of  the  fall  of  water  is  nine  feet ;  it 
is  required  to  find  how  many  cogs  must  be  in  the  wheels  and 
how  many  staves  in  the  trundle^  to  make  the  mill-stone  ga 
about  60  times  round  in  a  minute^  while  water-wheel  floats 
move  with  a  third  part  of  the  velocity  with  which  the 
water  spouts  against  them  from  the  aperture  at  the  bottom  of 
the  fall. 

Find  9  (the  height  of  the  &I1)  in  the  first  column  of  the 
table ;  then  against  that  number,  in  the  sixth  column,  is  70 
for  the  number  of  cogs  in  the  wheel,  and  10  for  the  number 
of  staves  in  the  trundle ;  and  by  these  numbers  we  find  in 
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Hie  eighth  cotomn  that  the  raill-Btone  will  make  59  tV^  turns 
in  a  muiute,  which  is  within  half  a  turn  of  60,  and  near  enough 
for  the  purpose  ;  as  it  is  not  absolutely  requisite  that  there 
should  be  just  €0  witJiout  any  fraction  :  and  throughout  the 
whole  table  the  number  of  turns  is  not  quite  one  more  or 
less  than  60. 

The  diameter  of  the  wheel  being  18  feet,  and  the  fall  of 
water  nine  feet,  the  second  column  shows  the  velocity  of 
the  water  at  the  bottom  of  the  fisdl  to  foe  24  -rhr  feet  per 
second  ;  the  third  column  the  velocity  of  the  float-boards  of 
the  wheel  to  be  S-tStt  feet  per  second;  tlie  fourth  column  shows 
that  the  wheel  will  make  S-AV  turns  in  a  minute ;  and  the 
sixth  column  shows  that  for  the  mill- stone  to  make  exactly 
60  turns  in  a  minute,  it  ought  to  make  7  tW  (or  seven  turns 
and  one-twentieth  part  of  a  turn)  for  one  turn  of  the  wheel. 

Dr.  Brewster,  in  the  valuable  Appendix  which  he  has 
annexed  to  his  edition  of  Mr.  Ferguson's  works,  shows,  that 
the  principles  upon  which  the  above  table  is  calculated,  are 
erroneous,  owing  to  the  author  having,  ¥^h  Desagulier  and 
Maclaurin,  embraced  M.  Parent's  theory,  which  Mr.  Smeaton, 
by  repeated  experiments,  proved  to  be  incorrect. 

The  constant  number  used  by  Mr.  Ferguson  for  finding 
tiie  velocity  of  the  water  from  the  height  of  the  fall,  64.2882,  * 
appears  to  be  also  wrong.  For,  from  some  recent  experi* 
ments  made  by  Mr.  Whitehurst  on, pendulums,  it  is  found, 
that  a  heavy  body  falls  16.067  feet  in  a  second  of  time : 
consequently  the  constant  number  should  be  64.348. 

Dr.  Brewster  then  states,  that  in  Mr.  Ferguson's  table, 
the  velocity  of  the  miU-stone  is  too  small ;  and  Mr.  Imison, 
in  correcting  this  mistake,  has  made  the  velocity  too  great. 
From  this  circumstauce,  Uie  Mill-wrights'  Table,  as  hitiierto 
published,  is  fundamentally  erroneous,  and  is  more  calculated 
to  mislead  than  to  direct  the  practical  mechanic.  Proceed- 
ing, therefore,  upon  the  practical  deductions  of  Smeaton,  as 
confirmed  by  theory^  and  employing  a  more  correct  constant 
number,  and  a  more  suitable  velocity  for  the  mill-stone,  we 
may  construct  a  new  Mill-wrights'  Table  by  the  following 
rules: 

1.  Find  the  perpendicular  height  of  the  fall  of  water  in 
feet  above  the  bottom  of  the  mill-course,  at  K,  (fig.  lOOJ 
and  having  diminished  this  number  by  one-half  of  the 
natural  depth  of  the  water  at  K,  call  that  the  height  of  the 
fell. 

2.  Since  bodies  acquire  a  velocity  of  32*  174  feet  in^  a 
^cujid,  by  falling  through  16-087  feet,  and  since  the  velocitieii 
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of  falling  bodies  are  as  the  square  roots  of  the  heights  throuffb 
which  they  fall^  the  square  root  of  16*087  wiU  be  to  the 
square  roots  of  the  height  of  the  fall^  as  32*174  to  a  fourth 
number,  which  will  be  the  velocity  of  the  water.  Therefore 
the  velocity  of  the  water  may  be  always  found  by  multiply- 
ing 32*174  by  the  square  root  of  the  height  of  the  fall,  and 
dividing  that  product  by  the  square  root  of  16*087.  Or  it 
may  be  found  more  easuy  by  multiplying  the  height  of  the 
fall  by  the  constant  number  64*348,  and  extracting  the 
square  root  of  the  product,  which,  abstracting  the  effects  of 
friction,  will  be  the  velocity  of  the  water  required. 

3.  Take  one^haifoi  the  velocity  of  the  water,  and  it  will 
be  the  velocity  which  must  be  given  to  the  float-boards,  or 
the  number  of  feet  they  must  move  through  in  a  second,  in 
order  that  the  greatest  effect  may  be  produced. 

4.  Divide  the  circumference  erf  the  wheel  by  the  velocity 
of  its  float-boards  per  second,  and  the  quotient  will  be  th^ 
number  of  seconds  in  which  the  wheel  revolves. 

5.  Divide  60  bv  this  last  numb^,  and  the  quotient  wtU 
be  the  number  of  revolutions  which  the  wheel  performs  in  a 
minute.  Or  the  number  of  revolutions  performed  bv  the 
wheel  in  a  minute,  may  be  found  by  multiplying  the  velocity 
of  tJie  float-boards  by  60,  and  dividing  the  product  by  the 
circumference  of  the  wheel,  which,  in  the  present  ease  \b 
47-12. 

6.  IMvide  90  (the  number  of  revolutiems  which  a  mill-ston0 
five  feet  diameter  should  perform  in  a  minute)  by  the  number 
of  revolutions  n»de  by  the  wheel  in  a  minute,  and  the 
quotient  will  be  the  number  of  turns  which  the  mill-stone 
ought  to  make  for  G«ie  revolution  of  the  wheel. 

7.  Then,  as  the  number  of  revolutions  of  the  wheel  in  a 
minute  is  to  the  number  of  the  revolutions  of  the  mill-stones 
in  a  minute,  so  must  the  number  of  staves  in  the  trundle  be 
to  the  number  of  toeth  in  the  wheel,  in  the  nearest  whoie 
numbers  that  can  be  found. 

8.  Multiply  the  number  of  revolutions  performed  by  the 
wheel  in  a  minute,  by  the  number  of  revolutions  made  hy 
the  mill-stone  for  one  of  the  wheel,  and  the  product  will  be 
th?  number  of  revolutions  performed  by  the  miU-stone  in  a 
minqte- 

In  thifi  nwiner  the  following  table  has  been  calculated  foF 
a  water-wheel  15  feqt  in  diameter,  which  is  a  good  medium 
size,  the  inill-stone  being  five  feet  in  diameter^  and  revolving^ 
90  times  in  a  mmute. 
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DR.  BREWSTER'S  MILL-WRIGHTS*  TABLE. 

In  wkidi  tiie  vdoeUy  of  the  ytheel  i$  three-gevenths  of  the  velodty  of 
tAe  wcUf,  and  the  ^ects  offricium  on  the  velodty  of  the  ttream 
reduced  to  computaHon. 
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TREATISES  ON  MILL-WORK. 

Kinsliche  abrias  AUcrhand,  Waaser,  Wind-roas,  und  Uand-mnhlcn,  6lc,, 
von  Jacob,  de  Strada  a  Roaberg,  1617. 

Oeorg.  Christoph  Luerner  Machina  toreutica  nova;  oder  beschreibung  der 
aeii  erfundenen  DrehinlUden»  1661. 

Theatrum  Machinarum  Novum;  das  iat,  neu  vermehrter  Schauplatz  der 
Mechanischen  KAnste,  handelt  von  Allerhand,  Wasser,  Wind,  Roaa,  Gewicht 
uDd  Hand-ratthlen,  von  Geo.  And.  Bocklern,  1661. 

Contenta  discursus  Mechanici»  concernentis  Descriptionem  Optimae  formea 
Velorum  horizontalinm  pro  mu  Molarum,  nee  non  fundamentum  inclinatonim 
Velorum  in  Navibuij  babita  coram  Societate  Regia,  a  R.  H.  translate  ex 
Oillectionibus  Philosophicis  M.  Dec.  num.  3,  pa.  61,  1681. 

Dissertatio  Historica  de  Molis,  quam  pneside  Job.  Phil.  IVeuer  defend. 
Jo.  Tob-MOhlberger  Ratisbonens  Jenae,  1695. 

Martin  Marten's  Wiskundige  bescbonwinge  der  Wind  of  Wadermoolens, 
vergeleken  met  die  van  den  beer  Johann  Luloft  Amsterdam  1700. 

VollsQlndige  MQblen-bankunst,  von  Leonhard  Cbristopb.  Sturm,  1718: 

Jacob  Leopold's  Theatrum  Machinarum  Molinarum,  folio,  1724,  1725. 

Remarques  sur  les  Aubes  on  Palettes  des  Moulins,  et  autres  Machines  mues 
par  le  Courant  des  Rivieres,  par  M.  Pitot,  Mem.  Acad.  Roj.  Paris,  1729. 

Joh.  vanZyl  Theatrum  MacMnanun  Universale  of  Groot  Algemeen,  Moolen- 
bock,  &c.,  Amsterdam,  1734. 

Jo.  Caral.  Totens  Disser.  de  Machinis  Molaribua  optime  constmendis,  Lugd. 
Batev.  1734. 

Knrze,  aber  Deutliche  anweisung  zur  construction  der  Wind  und  Wasser- 
muhlen,  von  Gottlr.  Kinderling,  1735 

Desagulier's  Experimental  Philosophy,  8  vols.  4to.  1735,  1744. 

Architecture  HTdranlique,  par  M.  Belidor,  4  vols.  4to.  1737—1753, 

Mr.  W.  Anderson,  F.  R.  S.  Description  of  a  Water-wheel  for  Mills.  Phil. 
Trans,  vol.  44,  1746. 

Leonh.  Enleri,  De  Constmctione  aptissima  Molarum  alatarum  disp.  Nov. 
Com.  Acad.  Petrop.  torn.  4, 1752. 

M^oire  dans  lequel  on  d^montre  que  I'Eau  d'one  Chdte,  destine  k  faire 
mouvoir  quelque  Moulin  ou  autre  Maclune,  pent  toujours  produire  beaucoup 
plus  d'effiet  en  agissant  par  son  poids  qu'en  agissant  par  son  choc,  et  que  le 
roues  k  pots  qui  toument  vite,  relativement  aux  chdtes  et  anx  d^penses  d'ean, 
par  M.  de  Parcieux,  Acad.  Roy.  Paris,  1754. 

Jo.  Albert!  Euleri  Enodatio  Questionis :  quo  modo  vis  Aqua  aluisve  fluidi 
cum  maxhno  Incro  ad  Molas  circumagendas,  aliave  opera  perficienda  impendi 
possit,  praemio  k  Socletete  Regia.  Sci.  Gotting.  1754, 

An  experimental  Inquiry  concerning  the  Natural  Powers  of  Wind  and  Water 
to  turn  Mills  and  other  Machines  depending  on  Circular  Motion,  by  Mr.  J. 
Smeaton,  F.  R.  S.  PhU.  Trans.  1759. 

This,  and  Mr.  Smeaton's  other  papers  are  republished  with  his  Reports,  1813, 
in  4to. 

M^moire  dans  lequel  on  prouve  que  les  Aubes  de  Roues  mues  par  les  courans 
de  grandes  Rivieres  feroient  beaucoup  plus  d'eflet  si  elles  etoient  indulges 
aux  rayons,  qu'elles  ne  font  ^tant  appliqu^  contre  les  rayons  m^mes,  comme 
elles  sont  aux  MouUns  pendans  et  aux  Moulins  sur  Bateaux  qui  sont  sur  les 
Rivieres  de  Seine,  de  Mame,  de  Loire,  &c.  par  M.  de  Parcieux.  Mem.  Acad.  Roy. 
Fans,  1759. 

Joh.  Albert  Euler's  Abhandlung  von  der  bewegung  ebeo^r  FlHchen,  wen  se 
rom  Wiude  Getrieben  Werden,  1765. 

Schauplatz  des  Mechanischen  MCkhlenbaues,  Darinnen  von  Verschiedenen 
Hand,Trett,  Ross,  Gewicht,  Wasser,  und  Wind-mfthlen  Gehandelt  Wird,  diirch 
Johan  Georg.  Scopp.  J.  C.  iter  Theil,  1766. 

Theatrum  Machinarum  Molarium,  oder  schauplatz  der  MQhlenbaukunst, 
als  der  Ncunte  theil  von  des  sel  hm  Jac.  tieopolds,  Theatro  Machinarum,  voo 
Juh.Matlnas  Beyern.  1767, 1788,  1802, 
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A  Memoir  concerning  the  most  advantageous  Construction  of  Water-wheels, 
ftc.  hy  Mr.  Mallet  of  Geneva,  Phil.  IVaos.  1767. 

Mimoire  tur  les  Roues  Hydrauliques,  par  M.  le  Chevalier  de  Borda,  Mem. 
Acad.  Roy.  Paris,  1767. 

Kurzer  unterricht,  allerley  arten  von  Wind  and  Wasser-mQhlen  auf  di 
vortheilhafteste  wcise  zu  erbauen,  nebst  einigen  gedanker  aber  die  verbessenlng 
des  raderveiks,  an  den  MUhlen,  ron  Joh.  K5nig,  1767. 

G.  6.  BiM^hors  BeytrSge  zur  Mathssis  der  Mahlen,  1767. 

Determination  g^n^ale  de  I'Efiet  des  Roues  mues  par  le  Choc  de  TEau,  par 
M.  I'Abb^  Bossui,  Mem.  Acad.  Roy.  Paris,  1769. 

Andreas  Kaoraihufer,  Deutlicbe  abhandlung  von  den  rildem  der  Wasser- 
muUen,  nnd  vondem  einrancUgen  werke  der  Scboeidemiihlen,  1770. 

Manuel  du  Meunier  et  du  Charpentier  des  Moulins,  redig^  par  £dm.  Bequillet, 
1775. 

Remarques  sur  les  Moulins  et  autres  Machines,  ob  TEau  tombe  en  dessus 
de  la  Roue,  par  M.  Lambert. 

Experiences  et  Remarques  sur  les  Moulins  que  PEau  meut  par  en  has  dans 
une  Direction  horizontale,  par  M,  Lambert. 

Remarqoea  sur  les  Moulins  et  autries  Machines,  dont  les  Roues  prenant 
PEau  a  une  certaine  Hauteur,  par  M.  Lambertf 

(The  three  last  articles  are  inserted  in  Mem.  Acad.  Roy.  Berlin,  1775. 

Ausfuhrliclie  erklarung  der  Vorschlage  fur  die  Lungere  dauer  de  Muhlen* 
iwerk,  nebst  ahnlichen  gegenstander,  in  ein  gespr^ch  verfasset,  von  Johann 
Christian  FuUmann  Muhlenmeister,  1780. 

Tratado  de  los  Granos  y  Modo  de  Molelos  con  Economic  de  la  Conserva^on 
de  Astos  y  de  las  Harinas;  escr.  en  Fr.  par  M.  Beguillet  y  extract  y  trad,  al 
Cast  con  algun  Notas  y  un  Supplem.  por  Ph.  Marescaulchi,  Madrid,  1786, 

Suite  de  PArchitectore  HydrauUque,  par  M.  Fabre,  1786. 

Memoires  sur  les  Moyens  de  perfectionncr  les  Moulins,  et  la  Mouture 
economique,  par  C.Bucquet,  1786. 

Manud  ou  Vocabuiaire  des  Moulins  k  Pot,  k  Amst,  1786. 

Die  Nothigsten  Kenntnisse  zur  Anlegung,  Beurtheilung,  und  Berechnun^ 
der  Wasser-muhlen,  and  zwar  0er  Mahl,  Oehl«  und  S&ge-Muhlen,  sur  Anfinger 
und  Liebhabcr  der  IMilhlenbaukunst,  von  Joh.  Christ.  Huth,  1 787. 

An  Essay  proving  Iron  far  superior  to  Stone  of  any  kind  for  breaking  and 
grin^ng  of  Com,  &c.  by  W.  Walton,  1788. 

Muhlenpraktik,  oder  unterricht  in  dem  Mahlen  der  BrodfrHchte,  fiir  Polizey- 
beamtc,  Gav£rksleute  und  Hauswirthe,  von  L.  Ph.  H^n,  1790. 

The  You9g  Mill-wright  and  Miller's  Guide,  by  Oliver  Evans,  Philadelphia, 
1790. 

Manuel  du  Meunier,  et  du  Constrnctear  des  Moulins  k  Ean  et  k  Grains,  par 
C.  Bttcquet,  1791. 

Praktische  anweisungzam  Milhlcn  ban,  von  Lr.  Clausen,  1792. 

Bcschreibnng  zwetr  Machinen  zur  Reinigung  des  Koms,  von  Lr.  Clausen, 
A792. 

Instructioiis  sur  I'Usage  des  Moulins  k  Bras,  inventus  et  perfectionnes  par 
les  Citoyens  Duraud,  Pi^re  et  Flls,  Mechaniciens,  1793. 

Hieoretisch-praktische  abhandlung  iiber  die  Bessenmg  der  Mahlr&der,  voa 
dem  Verfasser  der  Zwecknu&ssigen,  Luftreiniger,  &c.  1795. 

ATrcAtise  on  Mills,  in  four  parts,  by  John  Banks,  1795. 

Handbuck  der  Maschinenlehre,  sur  prakiker  und  akademische  lehrer,  von 
Karl  Christian  Langsdorf,  1797,  1799. 

On  the  Power  of  Machines;  including  Barker's  Mill,  Westgarth's  Engine, 
Cooper's  Mill,  Horizontal  Water-wheel,  &c.  by  John  Banks,  1803. 

ITie  Experienced  Mill-wright,  by  Andrew  Gray,  Mill-wright,  1804. 

The  Transactions  of  the  Society  of  Arts  and  Manufactures  \  several  of  the 
rolnmes  of  which  contain  improvements  in  Mill -work. 

See  also  the  Repertory  of  Arts,  first  series  16  vols,  and  second  series  31  vol((, 

Hachettc,  Traits  El^mentaire  des  Machines,  4to.  Pari?,  1811. 

liacluuuui's  Essay  on  Mill-work,  1811,  6vo. 
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WINDMILLS. 

The  windmill  derives  its  name  from  the  motion  it  recdves 
from  the  impulse  of  the  wind. 

The  date  of  its  invention  is  not  precisely  known,  though 
authors  generally  concur  in  believing  it  to  have  taken  place 
at  no  very  distant  period  of  time.  Some  state  it  to  have 
been  first  used  in  France  in  the  sixth  century:  others,  on  the 
contrary,  assert,  that  at  the  time  of  the  crusades  it  was 
introduced  into  Europe  from  the  east,  where  scarcity  of 
water  gave  the  impetus  that  led  to  its  discovery. 

Windmills  are  of  two  kinds,  horizontal  and  vertical. 

TBB    VERTICAL  WINDMIIX 

Consists  of  a  strong  shaft,  or  axis,  inclining  a  little  upwards 
from  the  horizon,  with  four  long  yards,  or  arms,  fixed  to  the 
highest  end,  perpendicular  to  the  shsift,  and  crossing  each 
other  at  right  angles.  Into  these  arms  are  mortised  several 
small  cross-bars,  and  to  them  are  fastened  two,  three,  or  four, 
long  bars,  running  in  a  direction  parallel  with  the  length  of 
the  arms ;  so  that  the  bars  intersect  each  other,  and  form  a  kind 
of  lattice  work,  on  which  a  cloth  is  spread  to  receive  the  action 
of  wind.  These  are  called  the  sails,  and  are  in  the  shape 
of  a  trapezium,  usually  about  nine  yards  long  and  two  wide. 

As  the  direction  of  the  wind  is  very  Uncertain,  and 
perpetuaUy  changing,  it  becomes  necessary  to  have  some 
contrivance  for  bringing  the  windshaft  and  sails  into  a 
position  proper  for  receivmg  its  impression.  To  effect  this, 
two  methods  are  in  general  use:  the  one  called  the  post-mill; 
the  other  the  smock-mill. 

POST*MlLLS. 

.  In  the  post-mill  it  is  accomplished  by  driving  perpendicularly 
into  the  earth  the  trunk  of  a  strong  tree,  that  is  held  securely 
upright  by  several  oblique  braces,  which  extend  ftx)m  a 
platform  on  the  ground  to  the  mid^e  of  the  tree,  leaving  10 
or  12  feet  of  the  upper  part  free  from  the  braces.  The  part 
thus  left  free  from  obstruction  is  rounded,  and  made  to  pass 
through  a  circular  collar,  formed  in  the  flooring  of  the  lower 
chamber,  and  to  enter  into  a  socket  fixed  into  the  flooring  of 
the  upper  chamber,  and  to  one  of  the  strongest  cross-beams, 
which  must  sustain  the.  whole  weight  of  the  mill-house,  so 
that,  by  means  of  a  pivot,  or  gudgeon,  festened  on  that  part 
of  the  post  which  enters  into  the  socket,  the  whole  machine 
can  turn  about  horizontally  to  face  the  wind.    A   strong 
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franuBg,  muted  by  jobto  to  the  back  part  of  the  mill-houae, 
descends  in  a  sloping  direction  till  it  touches  the  ground: 
the  bottom  of  it  is  very  heavy,  and  is  fastened  by  cords  to 
some  short  posts  that  are  driven  in  a  circle,  at  regular  intervals 
round  the  mill,  to  prevent  the  mill  from  turning  about  at 
every  sudden  squall.  This  framing  is  furnished  with  steps 
to  serve  as  a  ladder  of  ascent  or  descent*  At  the  bottom  of 
it  a  rope  is  fastened,  and  carried  thence  in  an  inclined  position 
to  the  top  of  the  miU,  where,  by  a  lever  or  tackle  of  pullies, 
it  can  be  shortened  so  as  to  raise  the  framing  from  the 
ground,  and  then  by  pushing  agamst  it,  in  the  manner  of  a 
lever,  the  whole  mill  may  be  turned  in  any  reouired  direction. 
To  obtain  more  force,  a  small  capstan  is  onen  provided  to 
draw  a  rope  fixed  to  the  end  of  the  ladder :  this  capstan  is 
movable,  and  can  be  SEustened  at  pleasure  to  any  one  of  tbe  posts. 

Hie  istecnal  meebamBm  of  a  post-mill  i$  exhibited  in  fig.  123.  W  X  Y 
the  upper  chamber;  X  Y  Z  the  lower  one;  AB  the  shaft,  or  aiis,  with  the 
oog*wbeel  G,  moTing  voond  in  order  of  the  letters  that  describe  the  sails 
CDEF,  giTing  motion  tothe  lantern  H»  and  ite  spindle  IK;  LM  is  a 
bridge  to  support  the  said  spindle ;  and  N  and  O  P  are  beams  to  sustain 
the  bridge,  llie  tap  miU^etoae  Q  is  the  only  one  that  moves,  and  is  fixed 
on  the  spindle  IK  bj  a  piece  of  iron,  called  the  lynd,  lot  in  at  the  lower 
part  of  the  stone;  the  lower  miU-stone  R,  is  somewhat  laiger  than  the 
other.  The  oom  is  put  into  tbe  hopper  S,  and  runs  iiom  thence  along  the 
spout  T;  die  spindle  I K,  being  square,  shakes  in  its  revolutions  the 
spout  T^  and  causes  the  oom  to  fidl  thtouf^  tbe  hole  V  between  the  stones, 
where  it  is  ground;  the  flour  then  pawes  thfough  the  tunnel «(,  and  is 
findlj  deposited  in  the  chest  e;deis  a'ptrinff  going  round  the  pin  d,  and 
serving  to  draw  the  spout  T  nearer  to,  or  {arther  firom,  the  spindle  I K,  that 
the  com  may  be  made  to  run  out  either  &ster  or  slower,  according  to  the 
Tidodty  of  die  wind;  fg  and  hi  are  levers,  whose  centres  of  motion  are/ 
and  m;  ilmp  is  a  i»ra  going  about  the  pins  I  and  n  to  wind  up  and  raise 
the  stone  Q.  Bv  bearing  down  die  end  r  A,  ^  is  raised,  which  raises  the 
perpendicular  li  O,  the  perpendicuhur  raisee  the  cross-beam  O  P,  the  cross- 
beam die  bridge  LM  and  the  spindle  I K,  together  with  the  upper  milU 
stone  Q,  so  that  the  stones  can  be  set  at  any  requved  distance  apsrt.  The 
com  is  drawn  up  to  the  top  of  the  mill  by  means  of  a  rope  rolled  about  the 
aiis  A  B;  9  r  IS  a  ladder  for  ascending  to  the  higher  imrt  of  the  mill.  A 
gilt  or  gripe  of  pliable  wood  is  fixed  at  one  end  #,  ana  at  the  other  tied  to 
the  lev^  tv,  movable  about  at  v,  which  being  pressed  down  stops  the 
niotion  of  the  mill  at  pleasure.  When  the  wind  is  great,  the  sails  are  only 
in  part,  or  on  one  side  covered,  and  sometimes  only  one-half  of  two 
opposite  saila.  The  same  shaft  can  have  another  cog-wheel  fixed  to  the 
end  B,  widi  trnndle  and  nuUi^etones  similar  to  those  already  described : 
by  which  means  the  shaft  can  turn  two  pair  of  stones  at  once;  and  when 
one  pur  only  is  wanted  to  grind,  the  lantern  H  and  spindle  I K  are  taken 
out  from  the  otber^^ 

8MOCK-MILL. 

The  other  method  of  bringing  the  windshaft  and  ssuls  into 
M  position  proper  for  receiving  the  impression  of  the  wind  is, 
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by  what  is  called  the  smock-mill.  This  mill  is  more  expen  - 
elve  in  the  construction^  and  more  decidedly  advantageous, 
as  it  can  he  made  of  any  required  dimensions.  It  is  huilt  in 
the  form  of  a  roimd  turret^  having  at  the  top  of  it  a  wooden 
ring  with  a  groove  in  it^  furnished  with  a  number  of  brass 
truckles,  kept  equi-distant  from  each  other  by  their  centre 
pins  being  fixed  into  a  circular  hoop.  Into  this  groove  the 
miming  of  the  upper  or  movable  part  of  the  mill,  which  is 
called  the  head,  or  cap,  enters,  and  a  very  slight  power  is 
alone  sufQcient  to  turn  it  about  that  the  sails  may  receive  the 
action  of  the  wind.  The  head  or  cap  is  very  ingeniously 
contrived  to  turn  itself  about  whenever  the  wind  changes, 
by  a  small  pair  of  sails,  or  &ns,  fixed  up  in  a  frame  that 
projects  from  the  back  part  of  the  head^ 

Fig.  124,  a  the  £ains,  having  on  its  axis  a  ^nion  of  10  leaves  b,  which 
gives  motion  to  a  cog-wheel  of  60  teeth  c,  its  axis  d,  and  a  pinion  of 

12  teeth  at  the  lower  end  e,  turning  a  bevelled  wheel  of  72  teeth/,  a  vertical 
iron  shaft  g,  having  a  pinion  of  11  teeth  h,  that  works  in  a  circle  of  120 
cogs.  Therefore,  whenever  the  wind  changes,  it  acts  obliquely  upon  the 
vanes  of  the  £ui,  and  turns  it  round,  which,  giving  an  impulse  to  the 
connecting  madiinery,  brings  the  main  shaft  of  the  sails  slowly  about  to  face 
the  direction  of  the  wind.  The  method  of  this  operation  is  as  follows :  the 
l&ns,  having  received  the  action  of  the  wind,  turn  round,  and  the  pinion  b  of 
10  leaves,  that  is  upon  its  axis,  gives  motion  to  the  cog-wheel  of  60  teeth 
c,  fixed  on  an  inclined  axis  which  has  at  the  lower  end  the  pinion  of 

13  leaves  e,  acting  upon  the  bevelled  wheel  of  72  iee^f,  fixed  on  a  vertical 
iron  axis,  and  giving  motion  to  the  pinion  of  11  teeth  A,  that  works  in  the 
circle  of  120  cogs.  A  B  two  of  the  sails  (the  other  two  being  endwise 
cannot  be  seen)  fixed  on  an  iron  shaft  or  axis  C  D,  by  screwing  them  to 
an  iron  cross  formed  at  one  end  of  it.  Upon  this  shaft  is  the  cog-wheel  £, 
that  acts  upon  the  lantern  F,  fixed  on  a  strong  vertical  shaft  extending  from 
the  top  to  the  bottom  of  the  mill,  and  havine  on  the  lower  end  the  large 
wheel  1 1,  giving  motion  to  the  two  opposite  pinions  k  A,  which  turn  the 
spindles  and  the  mill-stones  G  H.  A  wheel  is  fixed  on  the  main  axis  at  I, 
to  give  action  to  the  pinion  on  the  horizontal  roller  m,  which  has  a  rope 
wrapped  about  it  to  wind  up  the  sacks  of  corn.  The  same  wheel  I  turns 
another  horizontad  axis  that  nas  several  wheels  to  receive  endless  ropes  for 
turning  the  bolting  and  dressing  machines.  On  the  middle  part  of  the 
vertic^  shaft  K  L  is  the  wheel  I,  whidi  turns  t^ie  roller  in.  to  draw  up  ^e 
sacks  of  com  firom  the  lower  part  of  the  mill,  which  is  used  as  a  storehouse  ; 
being  divided  into  as  many  compartments  as  the  miller  may  rec^uire.  To 
the  mill-stone  spindle  is  attached  a  pair  of  regulating  baH9,  to  regulate  the 
velocity  of  the  mill.  For  the  manner  of  applying  this  regulator  see 
fig.  125,  /a  spindle,  on  which  is  fixed  the  pinion  J^  playing  into  the  large 
wheel  that  is  attached  to  the  vertical  shaft;  the  lower  end  of  the  spindle 
enters  into  a  square  formed  on  the  top  of  the  mill-stone  axis  at  m  ;  imme- 
diately beneath  the  pinion  two  iron  rods  are  jointed,  bending  downwards, 
having  a  heavy  iron  ball  o  o  fastened  to  the  end  of  each;  to  these  rods  ire 
Attached  two  links  at  jop,  to  suspend  a  collar  capable  of  sliding  freely  up 
and  down  upon  the  spindle  I;  this  collar  is  embraced  by  a  fork,  formed  on 
a  steelyard,  lying  honzontal,  and  suspended  by  the  fulcrum  q  ;  r  is  an  iroii 
i:Dd  fixed  at  the  extreme  end  of  the  steelyard,  and  having  at  the  bottom  aq 
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iron  hook  to  connect  it  with  the  lever  «,  whose  fulcram  is  t ;  this,  by  means 
of  an  iron  rod,  suspends  one  end  of  the  bridge  on  which  the  lower  pivot  of 
the  mill-stone  rests,  the  other  end  bearing  on  a  fulcrum,  or  centre. 

Whenever  the  mill  acquires  velocity,  the  iron  balls,  by  their  centrifugal 
force,  will  fiy  out,  and  elevate  the  collar,  which,  actine  upon  the  connecting 
parts,  will  let  the  upper  miIl-»tone  down  nearer  to  the  lower  one,  and  the 
resistance  or  friction  thas  caused  wiU  counteract  the  increased  velocity  of 
the  vrind.  On  the  contraiy,  if  the  vrind  decreases,  the  balls  will  fall 
towards  each  other,  and  let  down  the  sliding  collar,  which  will  raise  the 
top  mill-stone,  and  by  increasing  the  distance  between  it  and  the  lower 
one  cause  die  mill  to  acquire  greater  velocity.  For  this  purpose  a  weight  v 
is  hong  iipon  the  steelyard,  sufficient  to  raise  the  stone  whenever  the 
desceot  of  the  collar  will  permit  it  so  to  do.  Several  notches  are  cut  into 
the  steelyard  for  different  positions  of  the  fulcrum  q  and  rod  r,  to  regulate 
more  effectually  the  motion  of  the  machinery.  For  instance,  if  the  wind 
should  blow  stronger,  and  the  mill  go  slower,  contrary  to  the  effect  expected, 
itshows  that  the  regulation  is  too  strong :  to  remedy  this,  the  leverage  of  the 
balls  must  be  increased  by  reducing  the  distance  between  the  fulcrum  q 
and  the  rod  r,  by  shifting  either  of  them  into  different  notches.  On  the  other 
hand,  if  the  velocity  of  the  mill  should  increase  with  the  velocity  of  tlie 
wind,  it  shows  that  the  regulation  is  not  strong  enough,  and  Uiat  the 
fulcrum  q  and  the  rod  r  must  be  set  a  greater  distance  apart.  Sometimes 
it  happens  that  the  whole  limits  of  the  notches  on  the  steelyard  is  insuffi- 
cient to  effectuate  the  desiM  object ;  in  such  case,  the  acting  length  of  the 
lever  #  #  must  be  increased  or  diminished  by  removing  the  ralcrum  <  to  a 
greater  or  less  distance  from  the  suspended  rod  v. 

In  &g.  126  is  shovm  the  construction  of  the  horizontal  shaft  or  9xis  that 
bears  the  sails.  It  is  an  octagonal  iron  shaft,  having  two  cylindrical  necks, 
e  and  dy  where  it  rests  upon  its  bearings.  At  the  end  it  has  a  kind  of  box 
which  has  two  mortises,  e  and^  through  it  in  perpendicular  directions,  to 
receive  the  sails.  At  the  back  of  one  of  these  mortises,  and  the  frx>nt  of  the 
other,  a  projecting  arm  is  left  in  the  casting  to  receive  screw  bolts  for 
holding  the  sails  secure  in  the  mortises.  The  sails  are  braced  to  each  arm 
by  a  fope  stay,  proceeding  from  the  end  of  a  pole,  fixed  at  the  end  of  the 
cast-iron  axis.  Each  sail  is  formed  of  a  sail  doth,  spread  upon  a  kind  of 
lattice  work,  similar  to  that  described  under  the  head  of  Post-mill.  The 
plane  of  tiiis  frame  is  inclined  to  the  plane  of  the  sail's  motion,  at  such  an 
angle,  that  the  wind  blowing  in  the  direction  of  the  axis  acts  upon  the  sails 
as  indined  planes,  and  turns  them  about  with  a  power  proportionate  to  the 
sise  of  the  sails  and  the  force  of  the  wind.  The  cog-wneel  is  fixed  on  the 
axis  by  bolting  its  arms  against  the  stanch  marked  C.  The  mill-stones  are 
the  same  as  those  described  under  the  head  of  Flour-mill. 

Parent,  £uler,  and  other  geometricians  hare  written  much 
upon  the  nature  and  construction  of  windmills ;  but  as  we 
consider  the  experiments  and  researches  made  by  our  own 
countryman  Smeaton  to  be  far  superior  in  point  of  practical 
utility,  we  shall  content  ourselves  with  giving  his  opinion 
as  to  Uie  shape,  magnitude,  and  position  of  the  sails. 

By  Mr.  Smeaton's  experiments  it  appears,  that  when  the 
sails  were  set  at  the  angle  of  55  degrees  with  the  axis, 
proposed  as  the  best  by  M,  Parent  and  others,  they  were  the 
most  disadvantageous  of  any  that  were  tried  by  him. 
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On  increasing  the  angle  of  the  sails  with  the  axis  from  72 
to  7^  degrees^  an  augmentation  of  power  was  produced  in 
the  ratio  of  31  to  45,  and  this  proves  to  be  the  angle  most 
commonly  in  use  when  the  surfaces  of  the  sails  are  planes. 

If  nothing  more  were  requisite  than  to  make  the  miU 
acquire  motion  from  a  state  of  rest,  or  to  prevent  it  from 
passing  into  rest  from  a  state  of  motion,  the  position  recom- 
mended by  M.  Parent  would  be  the  best;  but  if  the  sails  are 
intended,  with  given  directions,  to  produce  the  greatest 
effect  possible  in  a  given  time,  we  must  reject  M.  Parent's 
position;  and,  if  use  be  made  of  jdanes,  confine  our  angle 
within  the  limits  of  72  and  75  degrees  with  the  axis. 

The  variation  of  a  degree  or  two  in  the  angle  makes  very  little 
difference  in  the  effect,  when  the  angle  is  near  upon  the  best* 

Mr.  Smeaton  made  several  experiments  upon  a  large  scale, 
and  found  the  following  angles  to  answer  as  well  as  any. 
Hie  radius  is  supposed  to  be  divided  into  six  parts,  and  one- 
sixth,  reckoning  from  the  centre^  is  called  one,  the  extremity 
being  denoted  six. 
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Having  thus  obtained  the  best  position  of  the  sails,  or 
manner  of  weathering,  as  it  is  called  by  the  workmen* 
Mr.  Smeaton  next  proceeded  to  try  what  advantage  could  be 
made  by  an  addition  of  surfkce  upon  the  same  radius.  The 
result  was,  that  a  broader  sail  requires  a  greater  angle;  and 
that  when  the  sail  is  broader  at  the  extremity  than  near  the 
centre,  this  shime  is  more  advantageous  than  that  of  a 
parallelogram.  The  figure  and  proportion  of  the  enlarged 
sails  he  found  to  answer  best  upon  a  large  scale,  where  the 
extreme  bar  is  one-third  of  the  radius,  or  whip,  and  is  divided 
by  the  whip  in  the  proportion  of  3  to  5.  The  triangular,  or 
leading  sul,  is  covered  with  board,  from  the  point  downwards^ 
one-lAnrd  of  its  height,  the  rest  with  doth  as  usual.  Tbe 
angles  mentioned  in  the  preceding  article  are  found  to  be  the 
best  for  the  enlarged  sails  also;  for  in  practice  it  is  found, 
that  the  sails  had  better  have  too  little  than  too  much  wind; 

Many  persons  have  imagined  that  the  more  sail  the  greater 
the  advantage,  and  have  therefojre  proposed  to  fill  up  liie 
whole  area,  and  by  making  each  sail  a  eectot  of  an  elnpsis. 
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aceoTJttng  to  M.  Parent^  to  iiitotcept  tke  Whole  cylinder  of 
wmd,  and  thereby  to  produce  the  greatest  effect  possible : 
but  from  cm  author's  experiments  it  appears,  that  when  the 
surhee  of  aU  t2ke  sails  tosrether  exceeded  seven-eighths  of 
the  circular  area  containing  them,  the  effect  was  rather 
diminished  than  awmented;  and  conseqaently,  he  concludes, 
that  when  the  whole  cylinder  of  wind  is  intercepted,  it  does 
not  then  produce  the  greatest  effect  for  want  of  proper 
interstices  to  escape. 

^  It  is  certainly  desirable,"  sa^s  Mr«  Smeaton,  ^'that  the 
suls  of  windmills  should  be  as  short  as  possible,  but  at  the 
same  time  it  is  equally  desirable  the  quantity  of  cloth  should 
be  the  least  that  may  be,  to  avoid  damage  by  sudden  squalls 
of  wind.  The  best  structure,  therefore,  for  large  mills,  is 
that  where  the  quantity  of  cloth  is  the  greatest  in  a  given 
circle  that  can  be ;  on  this  condition,  that  the  efifect  holds 
out  in  proportion  te  the  quantity  of  cloth;  for  otherwise  the 
effect  can  be  augmented  in  a  given  degree  by  a  lesser 
increase  of  doth  upon  a  hi^er  radius,  than  would  be 
required  if  the  chith  were  increased  upon  tlie  same  radius." 

The  ratios  between  the  velocities  of  windmill  sails  unloaded, 
and  when  loaded  to  their  maximum,  turned  out  different  in 
different  experiments,  but  the  most  general  ratio  of  the  whole 
was  as  3  to  2.  In  general,  however,  it  appeared,  where  the 
power  was  greater,  whether  by  an  enlargement  of  surface,  or 
a  greater  velocitjr  of  the  wind,  that  the  second  term  of  the 
ratio  was  less. 

The  ratio  between  the  greatest  load  that  the  sails  will  bear 
without  stopping,  or  niiat  is  nearly  the  same  thing,  between 
the  least  load  that  will  stop  the  sails,  and  the  load  at  the 
maximum,  were  confined  between  that  of  10  to  8,  and  of  10 
to  9;  and  at  a  medium  about  10  to  8^,  or  of  6  to  6;  though 
it  appeared  on  the  whole,  that  where  the  angle  of  the  sails  or 
quantity  of  cloth  was  greatest,  the  second  term  of  the  ratio 
was  less. 

The  following  maxims  have  been  deduced  by  Mr.  Smeatou 
from  his  experiments : 

JMwMi  1.  The  Telocity  of  the  windmill  sadls,  whether  imloftded  or  loaded^ 
so  as  to  produce  a  maxinram,  is  nearly  as  the  velocity  of  the  wind,  their 
shape  and  motion  being  the  same, 

JfcgiM  2.  The  load  at  the  maximum  is  nearly,  but  somewhat  less  than, 
as  the  sqaase  of  the  Telocity  of  the  wind,  the  shape  and  position  of  the 
saits  being  Ae  same. 

Mrnnm  3.  The  effects  of  the  same  sails  at  a  maiimum  are  nearly,  but 
losnewim  Uss  than,  as  the  cubes  of  the  Telocity  of  the  wind. 

Maseim  4.  The  load  of  the  same  sails  at  the  maximum  is  nearly  as  the 
sqviftfcs,  and  their  elfects  as  the  cubes  of  their  number  of  turns  in  a  given  time. 
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Afaxm  5.  When  the  tails  are  loaded  so  as  to  produce  a  mazifflum  at  * 
giTen  Telocity,  and  the  relocitv  of  the  wind  increases  the  load  containing 
the  same :  first,  the  increase  of  effect,  when  the  increase  of  the  velocity  of 
the  wind  is  smaller,  will  be  nearly  as  the  squares  of  those  velocities ; 
secondly,  when  the  velocity  of  the  wind  is  double,  the  effects  will  be 
i.early  as  10  to  27f ;  but  thirdly,  when  the  velocities  compared  are  more 
than  double  of  that  where  the  given  load  produces  a  maaEimom,  the  effects 
increase  nearly  in  a  simple  ratio  of  the  velocity  of  the  vnnd. 

Maxim  6.  If  sails  are  of  a  similar  figure  and  position,  the  number  of 
turns  in  a  given  time  will  be  reciprocally  as  the  radius  or  length  of  the  sail. 

Maxim  7.  The  load  at  a  maximum  that  sails  of  a  similar  figure  and 
position  vnll  overcome,  at  a  given  distance  fix>m  the  centre  of  motion,  will 
be  as  the  cube  of  the  radius. 

Maxim  (5.  The  effect  of  sails  of  sioiilar  figure  and  position  are  as  the 
square  of  the  radius. 

Maxim  9.  The  velocity  of  the  extremity  of  Dutch  sails,  as  well  as  of  the 
enlarged  sails,  in  all  their  usual  positions  when  unloaded,  or  even  loaded  to  a 
maximum,  are  considerably  quicker  than  the  velocity  of  the  wind. 

Mr.  Ferguson  remarks,  that  it  is  almost  incredible  to 
think  witii  what  velocity  the  tips  of  the  suls  move  when 
acted  upon  by  a  moderate  wind.  He  several  times  counted 
the  number  of  revolutions  made  by  the  sails  in  10  or  15 
minutes ;  and,  from  the  length  of  the  arms  from  tip  to  tip, 
has  computed,  that  if  an  hoop  of  the  same  size  were  to  run 
upon  plain  ground  with  equal  velocity,  it  would  go  upwards 
of  30  miles  in  an  hour. 

RULES   FOR   MODSLLING  THE  SAILS  OF  WINDMILLS. 

Fig.  127  is  a  front  view  of  one  of  the  four  sails  of  a  windmilU 
The  letters  of  reference  will  serve  to  explain  the  terms  made 
use  of  in  the  foUowii^  description: 

1.  The  length  of  the  arm,  or  whip  A  A,  reckoned  from  the  centre  of  the 
great  shaft  B  to  the  outermost  bar  19,  governs  all  the  rest. 

2.  The  breadth  of  the  face  of  the  whip  A,  next  the  centre,  is  one-thirtieth 
of  the  length  of  the  whip,  its  thickness  at  the  same  end  is  three-fourths  of 
the  breadth,  and  the  back-side  is  made  parallel  to  the  feee  for  half  the 
length  of  the  whip,  or  to  the  tenth  bar ;  the  small  end  of  the  whip  is  square, 
and  at  its  end  is  one-sixtieth  of  the  length  of  the  whip,  or  half  the  breadth 
at  the  great  end. 

3.  From  the  centre  of  the  shaft  B  to  the  nearest  bar  1  of  the  lattice,  is 
one>seyenth  of  the  whip ;  the  remaining  space  of  six-sevenths  of  the  whip 
is  equally  divided  into  19  spaces,  so  as  to  make  19  bars ;  one-ninth  of  one- 
of  these  spaces  is  equal  to  the  mortises  for  the  bars,  the  tenons  of  which 
are  made  square  where  they  enter  and  go  through  the  whip,  and  conse- 
quenthr  the  mortises  must  be  square  also. 

4.  To  prepare  the  whip  for  mortising,  strike  a  gage-score  at  about  three- 
fourths  ot  an  inch  from  the  face  on  each  side,  and  the  gage-score,  on  the 
leading  side  4,  5,  will  give  the  fitce  of  all  the  bars  on  that  side;  but  on 
the  other  side,  the  faces  of  all  the  bars  will  fall  deeper  than  the  gage-score 
according  to  a  certain  rule.  To  find  the  space  to  be  set  off  for  this  purpose 
for  each  bar,  construct  a  scale  in  the  following  manner : 

5.  Extend  the  compasses  to  any  distance  at  pleasure,  so  that  six  times 
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tfiftt  extent  inay  be  greater  tban  the  breadth  of  the  whip  at  the  lerecth  bar  • 
set  thx»e  six  moes  offupon  a  straight  line  for  a  base,  at  the  end  of  which 
raise  a  perpendicular ;  set  off  three  spaces  upon  the  perpendicular,  and  diTid© 
the  two  spaces  that  are  farthest  from  the  base  line  mto  six  equal  parts  each, 
so  that  this  quantity  of  two  spaces  may  be  equally  divided  mto  12  spaces! 
marked  out  by  13  points;  from  each  6f  these  points  draw  a  line  to  the 
opposite  end  of  the  base,  as  so  many  rays  to  a  centre,  and  the  scale  is  finished 

6.  To  apply  this  scale  to  any  given  case,  set  off  the  breadth  of  the  whip 
at  the  last  bar,  (that  is,  the  bar  at  the  extremity  of  the  sail,)  from  the 
centre  of  the  scale  along  the  base  towards  the  perpendicular;  and  at  this 
point  raise  a  perpendicular  to  cut  the  ray  nearest  to  the  base  j  also  set  off 
the  breadth  of  the  whip  at  the  serenth  bar  in  the  same  manner,  afid  at  this 
point  erect  another  perpendicular  to  cut  the  thirteenth  radius.  From  the 
mtersection  of  the  perpendicular  (drawn  up6n  the  breadth  of  the  last  bar) 
with  the  first  of  the  thirteen  radii,  to  the  intersection  of  the  other  perpendi- 
cular with  the  thirteenth  radius,  draw  an  oblique  line  cutting  ailthe  rest 
and  the  distances  of  each  of  these  last-mentioned  points  of  intersection  from 
the  base  line  is  the  space  which  the  face  of  each  bar  is  distant  from  the  gaee- 
line  on  the  driving  side. 

T.  These  distances  give  a  difference  set  off  for  each  bar  till  the  seventh, 
which  same  must  be  set  off  for  all  the  rest  to  the  first. 

8.  These  mortises  must  be  square  to  the  leading  side  of  the  whip. 

9.  When  the  mortises  ara  cut,  let  the  face  of  the  whip  be  sloped  off  so  u 
to  agree  with  the  &ce  of  the  bars  in  every  part. 

10.  Two-fifths  of  the  whip  are  the  lengtn  of  the  last  or  longest  bar. 

11.  Five-eighths  of  the  longest  bar  must  be  on  the  driving  side  of  the 
whip,  and  three-eighths  on  the  leading  side,  each  being  reckoned  from  the 
middJe  of  the  whip. 

12.  ITie  proportion  of  the  mortises  already  given  determines  the  size  of 
the  bars  at  the  mortises,  but  their  thickness  must  be  diminished  each  way^ 
so  as  to  be  only  one-half  at  the  ends;  but  th6  frice  &ust  be  kept  of  equal 
breadth  all  the  way. 

13.  The  leading  side  goes  no  frurther  thaii  the  fourth  bar,  and  (here  only 
projects  one-third  of  the  projection  of  the  last  bar. 

14.  AH  the  bars  on  the  drivmg  side  are  made  hollowing  in  the  arch  of  4 
cirde,  which  begins  to  spring  one-third  of  the  length  of  the  bars  on  the 
driving  side  from  the  whip ;  and  the  sweep  is  such,  that  if  a  straight  line  be 
applied  to  the  face  of  the  bar  from  the  whip  to  the' end,  the  face  of  the  bar 
should  leave  the  straight  line  about  the  breaath  of  the  bar. 

15.  There  ou^ht  to  be  tlfree  uplongs,  as  3, 2, 1 0,  -^~— .  to  the  driving,  and 
two  to  the  leading  side,  as  5, 4,  to  strengthen  tiie  lattice.  Dr.  Rees's  Cyelopadia. 

Mr.  Richard  Hall  Gower^  a  gentleman  in  the  sea-service  of 
the  £afit  India  Company^  has  made  some  judicious  experiments 
with  a  view  of  determining  the  proper  angles  of  weather  which 
ought  to  be  given  to  the  vanes  of  a  vertical  vrindmill :  his 
general  conclusion  is^  that  each  vane  should  be  a  ^iral^  gene- 
rated by  the  circular  motion  of  a  radius^  and  of  a  line  moving 
at  right  angles  to  the  plane  of  a  circular  motion.  The  con-* 
^tnictiou  he  deduces  from  his  inqmries  is  simple,  being  this: 

The  lengthy  breadth^  and  angle  of  weather  at  the  extremity 
of  a  rane  being  given ;  to  determine  the  angles  of  weather  at 
different  distances  from  the  centre. 


190  THB   onftATIVB   MSCKANIC 

Let  AB»  ilg.  120,  be  the  length  of  the  nuDie;  BC  its  breadtb;  and 
B  C  D  the  at]^e  of  the  weether  at  the  extremity  of  the  yene,  equal  to 
90  degrees.  With  the  lei^  of  the  Ttne  A  B,  and  breadth  B  C,  construct 
thtf  isosceles  triauffle  ABC:  from  the  p<Hot  B  draw  B  D  perpendicular  to 
C  B,  then  B  D  is  Uie  proper  depth  of  the  vane. 

Divide  the  line  A  B  into  any  number  of  parts,  (five  for  instance^)  at  those 
divisions  draw  the  lines  1 E^  2  F,  SG^  and  4  U,  parallel  to  the  line  B  C  ; 
also,  from  the  poinU  of  division  1, 2,  S^  and  4«  dAw  the  lines  1 1,  2  K,  3  L, 
and  4My  perpendicular  to  1  £»  2F,  ZG,  Sec  all  of  them  equal  in  length 
to  B  D.  Join  £  i;  F K|  GI^  and  HM:  then  the  angles  1  £1,  2 F  K, 
3  G  L,  and  H  M,  are  die  angles  of  weather  at  those  divisions  of  the  vane ; 
and  if  the  triangles  be  conceived  to  stand  perpendicular  to  the  plane  of  the 
paper,  the  angles  I,  K,  L>  M,  and  D,  becoming  the  vertical  angles,  the 
hypotheuose  (x  the^e  triangles  will,  as  before  suggested,  give  a  perfect  idea 
of  the  weathering  of  the  vaae  as  it  recedes  from  the  centre. 

MBTHOD  OV  CLOTHmO  ANX>  VNCLOTHt^'0  THB  SAILS  WHILR  IN 

MOTION. 

Mr.  John  Btwatbr,  of  Nottingham^  took  out  a  patent  in 
1804,  for  a  method  of  clothing  and  unclothing  the  sails  of 
windmilla  while  in  motion,  by  which  the  mill  may  be  clothed 
either  in  whole  or  in  part,  in  an  easy  and  expeditious  manner, 
by  a  few  revolutions  of  the  sails,  whether  they  be  goinff  fkst 
or  slow,  leaving  the  surface  smooth,  even,  and  regular  in 
breadth  from  top  to  bottom;  and  in  like  manner  the  cloth, 
or  any  part  of  it,  may  be  rolled  or  folded  up  to  the  whip  at 
pleasure,  by  simple  and  duraUe  machinery. 

Fig.  130,  Nos.  1,  2^  3,^  are  front  views  of  the  saik  as  imdothed,  half- 
clothed,  and  clothed. 

Fig.  1  ai>  a  ring  of  iron,  or  other  material,  about  4  ifiehes  wide,  and  f  of 
an  inch  thick,  whose  diameter  must  be  sufficient  to  embrace  the  shaft>head> 
to  which  it  must  be  well  secured  by  the  stays  a  a. 

Fig.  132,  a  bevelled  wheel,  without  arms,  made  of  iron,  stayed  on  the 
edge  of  the  ring  so  as  to  turn  easily. 

rig,  133,  a  spur  wheel  of  iron,  without  arms,  made  to  turn  easily  on  four 
pins  fixed  into  four  ears  6  6^6,  in  the  back  of  the  ring;  which  pins  aro 
turned  up  at  their  ends  to  keep  it  steady. 

Fig.  134  is  one  of  the  four  spindles  of  iron,  or  other  material,  widi  a 
spur  nut  0,  and  a  bevelled  nut  b  ;  this  spindle  passes  through  fig.  'LSI  at 
eeee,  and  the  nut  a  works  into  the  spur-wheel  as  seen  in  fig.  135,  mm  a  a. 
The  four  bevelled  nuts  (fig.  134)  work  into  the  bevelled  wheels  at  the  end 
of  four  cylinders  i  1 1 1  hg.  130,  Nos.  1,  2,  3,  and  so  turn  them ;  and  two 
of  these  spindles  must  be  shorter  than  the  others  when  the  stocks  ai«  not 
flush.  These  cylinders  are  made  of  wood  of  about  3  inches  diameter^ 
and  are  to  be  placed  at  the  outside  of  the  leading  edge  of  each  sail,  round 
which  the  cloth  is  rolled  (one  edge  being  fastened  on  for  that  purpose) 
when  the  sail  is  unclothed.  A  gudgeon  from  the  end  of  each  cylinder 
runs  into  an  iron  fastened  to  the  shaft-head,  and  is  kept  in  its  place  by  a 
nut  screwed  to  its  end.  Th&  other  end  has  a  gudgeon  by  which  turns  in 
the  eye  of  the  cross  iron  k,  at  the  points  ci  the  whips ;  ff/f  four  cylinders, 
similar  to  it  it,  placed  on  the  inside  the  whips;  one  behind  each  sail  to 
clothe  the  sails,  by  means  of  ropes  oooOfkc  rastened  to  them  and  the  edge 
of  the  cloth.    At  the  end  of  each  of  these  four  cyUnders  a  nut  or  whei*l  is 
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fixed,  9t€§y  to  ii«Mk  into  the  bweOed  wfaed;  flg.  ISD,  wluMe  teeth 
declme  fion  the  centre  io  proportion  as  theie  work  from  it,  wbieh 
declination  must  be  reyersed  when  Ae  sails  turn  in  the  oontraxy  way,  and 
gudgeons  to  run  into  irons  either  projecting  from  the  ring  or  &stened  to  the 
aha£-head  like  the  other  cylinders.  The  gudgeons  g  keep  these  cylinders 
steady  in  the  eroes  iron  h  at  the  point  of  the  whips,  and  stays  of  any  shape 
or  number  will  keep  tfaem  from  springing. 

Now,  suppose  Uie  mill  fully  clothed,  as  at  3,  all  the  parts  of  the 
machiuery  revolve  with  it  undisturbed  until  a  leter,  fig.  136^  wlueh  is 
fastened  to  the  braces  or  fencing,  l^  the  centre  pin  a,  %.  137,  on  which  it 
turns,  and  whose  end  b  is  weighted  to  hang  down  towards  the  breast  of 
the  mill,  is  brought  into  an  horisontal  direction  hy  pulling  a  string  attadied 
to  the  end  c  within-side  the  mill,  which  end  b  stops  the  stud  by  projecting 
from  the  inner  snr&ce  or  back-front  of  the  spur-wheel,  fig.  135;  const' 
quently  the  four  spur-n&ts  a,  at  the  end  of  the  spindle,  fig.  134,  and  seen  at 
as 80,  fig.  185,  rail  round  die  spur-wheel,  and  the  bevelled  nuts  b  at  the 
other  end  of  the  spindle  work  mto  the  bevelled  wheels  of  die  outside 
cyhnders  iiti,  at  1,  2,  3,  in  a  straight  direction  behind  them,  and  so 
tunnng  the  cylinders  roll  the  cloth  on  them  till  it  is  rolled  op  to  the  whip* 
The  lever  is  then  driven  sideways  (its  spring  e  returning  it  again)  from 
the  stud  in  i!he  back  &ce  of  the  spur-wheel  by  the  following  contrivance : 

A  screw,  6,  fig.  138,  is  cut  on  the  gudgeon  of  any  one  of  the  cylinders 
behind  the  sail,  and  a  piece  of  iron,  c,  is  tapped  to  fit  it.  The  end  of  this 
iron  runs  into  a  slot  in  the  iron  d,  made  fast  to  the  shaft-head,  to  prevent 
the  iron  e  from  turning  with  the  cylinder,  but  allows  it  to  slide  up  and 
down  so  as  to  press  on  that  on  the  iron  a,  which  has  the  m  in  it,  and 
raises  the  end  a  just  high  enough  to  drive  Uie  lever  aside  when  the  doth 
is  all  rolled  up,  the  thread  ot  the  screw  adjusting  it  to  what  number  of 
revolutions  yon  choose  to  employ  for  that  purpose.  Tbe  point^nd  of  the 
iron  c,  is  that  part  of  it  which  pushes  aside  and  passes  the  lever,  fig.  136, 
and  moves  on  its  centre  e^  and  must  be  carried  und^  the  spur-Wheel  so  as 
to  act  bdiiad  it  for  that  tmrpose.  By  letting  go  the  string  the  miller  may 
at  any  time  leare  the  dotn  on  the  sail  where  he  chooses,  likewise  the  sails 
may  be  clodied,  or  any  part  thereof  by  a  lever,  similar  to  a,  stopping  the 
stud  c,  oo  the  edge  m  the  bevdled  wheel,  fig.  132,  and  driven  off  in  a 
manner  similar  to  the  spnr-wheel. 

Fig.  199  is  a  stay  ot  wood,  fixed  to  the  stock  or  whip  at  n  n  n  n,  1, 2, 3^ 
to  prevent  the  crlinders  from  springing  too  much.  In  the  inside  there  is 
left  room  enongn  for  the  cloth  to  be  rolled  upon  the  cylinder  throngh  ita 
tms  in  the  eye  ol  llus  stay.  In  order  to  keep  the  strings,  which  go  over  the 
edge  of  the  ahrouds  o  e  o  o,Scc.  tight  in  all  weathers,  a  cord,  passing  over 
t  ipring  of  any  sort  or  shape,  pUced  under  the  sail,  is  ftstened  to  and 
wound  abont  the  corner  ends  of  the  cylinders,  in  a  direction  contrary  to  the 
strings  and  cloth,  jlo  prevent  the  strings  from  being  driven  downvrards  by 
die  oentrifugal  foice^  a  ring  or  two  are  left  on  to  run  along  the  rods  in  the 
old  naamer  as|>,  Nos.  2,  3. 

Hie  width  of  the  clotfa^  diameter  of  the  cylinders^  and 
number  of  revolutions  you  choose  to  employ  to  roll  up  your 
cloth,  must  determine  the  size  of  the  wheels.  In  order  to 
fold  the  cloth  instead  of  rolling  it,  one  end  of  it  must  be 
JEistened  to  the  whip  and  lines  passed  across  the  outside  of  it 
through  kx^  fastened  to  its  edge,  and  consequently  over 
the  edge  of  the  shrouds,  and  connected  with  the  cylinder  or 

k2 
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TclleTf  of  any  ahape^  placed  under  the  sail,  or  elsewbere,  tb€ 
other  ends  of  the  lines  must  be  connected  with  the  said 
cylinder  or  roller ;  and  when  the  cloth  is  drawn  up  in  folds 
towards  the  whip,  so  much  of  these  lines  will  be  rolled  on 
the  cylinder  one  way,  and  off  from  it  the  other,  aa  will  be 
sufficient  to  let  out  the  cloth  again  when  the  same  cylinder, 
turning  the  contrary  way,  draws  the  cloth  on  the  ssul.  By 
this  mode  the  patentee  gels  rid  of  four  cylinders,  with  tlieir 
appendages,  the  work  bemg  in  other  respects  the  same  as  in 
rolling  ^e  cloths;  but  since  folding  gives  a  sur&ce  much 
Inferior  in  many  respects  to  rolling,  and  induces  incon- 
yeuiences  and  accidents  from  which  the  rolled  surface  is  free^ 
he  advises  the  roUing,  rather  than  for  a  small  saving  to  endure 
tlie  inconveniences  of  folding. 

If  a  sudden  gust  of  wind  should  arise  in  the  absence  of  the 
miller,  so  as  to  drive  the  mill  faster  than  a  given  velocity,  a 
pair  of  centrifugal  balls,  like  the  governor  of  a  steam  engine, 
may  be  so  placed  as  to  adjust  the  lever  so  that  it  may 
immediately  unclothe  itself. 

BliINIis's    VERTICAL  WINDMILL   SAILS. 

Mr.  Robert  Rainbs  Bainss,  of  Myton,  Kingston  upon 
Hull,  secured  to  himself  in  June  1815,  by  patent,  an  improve- 
ment in  the  construction  of  vertical  windmill  sails. 

Fig.  140  represents  six  sails ;  the  stocks  or  arms  marked  A  are  the  same 
as  used  for  common  vertical  windmills;  the  sails  marked  B  are  made  of 
canvass,  and  fastened  to  the  front  sides  of  the  said  stocks  or  arms  along  the 
edges  marked  a,  a,  and  to  the  rods  or  bars  marked  D,  at  or  near  the  point 
marked  by  and  are  also  extended  by  the  rods  or  bars  marked  £,  whi<^  are 
inserted  into  or  fixed  to  the  backs  thereof,  and  hy  rods  or  bars  marked  m, 
which  are  inserted  into  or  fastened  to  the  edges  of  the  said  sails;  each  sail 
is  also  connected  bj  a'  bar  or  rod*  mazked  F,  as  hereinafter  described, 
with  the  next  following  sail.  The  shafts  or  rods  marked  C  are  fastened  to 
the  stocks  or  arms  marked  A,  at  or  near  d,  d,  by  loops  or  otherwise,  so  as 
to  allow  them  to  move  as  hinges  do.  The  bars  or  rods  marked  D  are  each  of 
them  connected  with  the  shafts  or  rods  marked  C  by  a  joint,  which  iRnll 
allow  the  said  bars  or  rods  marked  D  to  more  from  the  wind  indepcDdent 
of  the  shafts  or  rods  marked  C,  in  case  it  should  blow  against  the  back  sides 
of  the  said  sails,  but  will  not  allow  the  said  bars  or  rods  marked  D  to  move 
from  the  wind  independent  of  the  said  shafts  or  rods  marked  C,  when  the 
wind  blows  against  the  front  sides  of  the  said  sails.  The  bars  or  rods 
marked  F  connect  the  comers  marked  e  of  each  sail  with  the  comer  of  the 
next  fbllowing  sail  at  or  near  the  point  marked  &,  leading  behind  such 
following  sail,  and  which  bars  or  rods  are  fastened  by  hooks,  or  other  proper 
means,  at  or  near  their  points,  bent  to  such  an  angle  that  if  the  wind 
should  blow  against  the  back  sides  of  the  said  sails  and  force  them  forward, 
the  said  bars  or  rods  will  be  ucJiooked  and  set  at  liberty  A  rim  or  circle 
marked  G  is  fixed  by  screws  or  otherwise  upon  the  said  stocks  or  arms 
marked  A,  for  the  purpose  of  supporting  the  fulcra  or  props  marked'  H. 
At  I  is  represented  the  head  or  end  of  a  rod  or  bar  which  passes  thsouglx 
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iCie  ecntM  of  «]ie  tiletrM  of  the  mOl,  and  to  which  weight  may  be  applied, 
in  Ihe  maiiDer  well  known  to  miU-wrighlSy  to  regulate  the  said  sai(s 
towards  or  from  the  wind.  The  bars  or  cranks  narked  K  are  iiied  to  the 
shafts  or  rods  marked  C,  at  such  an  angle,  and  in  such  a  manner  as  will, 
when  and  as  they  are  acted  npon  by  the  lerers  or  bars  marked  L,  either 
snfler  the  said  bus  or  rods  marked  D  and  thesails  to  recede  from  the  wind 
vntil  the  said  sails  present  only  their  edges  to  it,  or  will  force  the  said 
'liars  or  rods  marked  D  towards  the  wind,  until  Uiey  present  to  it  their 
breadth.  The  lerers  or  bars  marked  L  are  connected  at  one  of  their  ends 
with  the  head  of  the  aforesaid  rod  marked  X,  and  at  the  other  ends  with  the 
bars  or  cranks  marked  K,  and  form  levers  resting  or  acting  npon  the  fulcm 
or  props  mariced  H,  and  are  goTemed  or  regulated  in  their  action  by  the 
said  rod,  the  head  of  which  is  shown  at  I.  The  said  rods,  bars,  cranks, 
loops,  and  rim,  may  be  made  of  iron,  or  other  suitable  material  or  materials, 
and  connected  at  their  proper  places  by  joints  or  otherwise,  (so  as  to  6x 
^Ihem  or  allow  their  actum,)  by  modes  well  known  to  mill-wrights. 

CUBITt's  USTHOD  of  BaUALIZING  THB  MOTION  OP  THE  SAILS 
OF  WINDMILLS. 

Mn.  William  Cubitt,  of  North  Walsham,  Norfolk,  en- 
gineer,  took  out  a  patent  for  this  inyention  m  May  1807, 
which  the  specification  thus  describes : 

*^  My  invention  consists  in  applying  to  windmills  an  appa- 
ratus or  contrivance  which  shall  cause  the  vanes,  constructed 
or  formed  in  a  new  and  peculiar  manner,  to  regulate  them- 
selves, so  as  to  preserve  an  uniform  velocity  under  those 
circumstances  in  which  the  wind  would  otherwise  irregularly 
impel  them,  as  is  the  case  with  the  sails  or  vanes  of  mills  of 
Che  preseot  construction.  I  accomplish  this  object  by  forming 
the  vanes  (for  the  sake  of  lightness)  with  fewer  cross  bars  or 
shrouds  than  in  the  common  method,  and  filling  up  the 
rem£dning  open  space  with  small  flat  surfaces,  formed  either  of 
boards  or  sheet  iron  painted,  or  any  other  fit  substance,  (though 
I  prefer  and  recommend  diem  to  be  made  of  a  framing  of 
wood^  covered  over  with  canvass.)  I  hang  or  suspend  the 
same  on  their  ends  by  gudgeons,  pivots,  centres,  or  any  other 
convenient  method,  so  as  to  open  and  shut  like  valves,  (for 
which  reason  I  shall  hereafter  so  call  them,)  preferring 
always  to  have  the  centre  of  motion  as  near  the  upper  longi^ 
tudinal  edge  of  the  valve  as  possible,  as  shown  in  the  drawings 
I  b,  fig.  141,  which  exhibits  a  valve  detached.  I  apply  these 
valves  to  vanes  of  the  present  construction,  by  suspending 
&em  to  the  cross  bars  or  shrouds  of  the  vane  by  their  longi- 
tudinal edges,  fastened  thereto  by  joints  or  otherwise,  as  may 
be  preferred.  These  vanes,  constructed  of  valves  as  above 
4e8cribed,  and  which  are  represented  in  the  drawing,  fig.  142, 
present  a  greater  or  less  surface  to  the  wind,  according  as  it 
.acts  with  more  or  less  force  on  them ;  and  if  the  wind  be  veiy 
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itfong  or  Ugb^  the  Talves^  by  its  impulge,  tmild  tiim  their 
edgeg  to  itj  and  their  varhces  parallel  to  the  direction  of  the 
wind;  the  vanea  would  consequently  remain  stationary^  or 
at  least  have  but  little  motion;  but  to  obyiate  this  circum- 
stance taking  place^  I  apply  aa  apparatoa  whidi  ahall  cause 
the  Talves  always  to  present  their  flat  snr&ces  to  the  win^ 
or  such  portion  of  their  surfaces  as  mav  be  desirable.  The 
apparatue  which  I  have  usually  a|^ed  is  exhibited  in  the 
drawings^  figs.  143  and  144^  which  last  figure  shows  two 
modes  of  p^orming  this  object;  though  it  must  be  evident 
that  various  other  means  may  be  iqpplied  to  produce  the  same 
/effect  on  the  inedves^  and  I  therefore  do  not  mean  to  confine 
myself  to  those  precise  modes  of  eflfocting  ii,  but  consider  it 
unnecessary  here  to  detail  others^  as  the  examples  exhibited 
}n  the  drawings  fully  ascertain  the  sort  of  apparatus  requisite. 

^'  Fig.  142  reprefento  a  set  of  Tsnes,  in  which  A  A  show  the  Tal?e8  turned 
to  the  windy  and  their  sur&ces  aH  exposed  at  right  angles  with  the  direction 
lof  the  wind;  BBexhihit  the  yancsaa  close  reefed,  or  the  valves  with  their 
edges  to  the  wind,  so  that  it  can  have  no  effect  upon  them  except  on  their 
^dgesy  which  most  he  trifling.  In  the  drawing,  the  vanes  are  exhibited  as 
having  the  whip  down  the  middle^  with  valves  on  both  sides;  but  it  is 
evident  that  the  vanes  may  be  constructed  with  the  whip  olaced  in  the 
usual  way,  and  have  valves  on  one  side  only,  which  is  the  method  I  usually 
adopt  in  applying  them  to  vases  of  ^e  present  form. 

'vFig.  143  represents  a  side  view  of  the  apparatus  for  regulating  the 
valves;  and  fig.  144  is  a  section  of  the  same,  exhibiting  two  methods 
p{  performing  this  operation.  A  represents  the  shaft,  which  is  bored 
thnmrii  its  centre  to  admit  aa  iron  rod  B  to  pass  fireely  through  it ;  one 
end  or  this  rod  is  made  to  turn  in  a  box  C,  whidbi  is  festened  to  a  toothed 
lack  D,  whoee  teeth  take  into  those  of  a  pinion  £^  upon  the  axis  of  which  is 
a  sheave  F,  with  a  croove  on  its  drcomference  to  receive  a  rope  G,  to 
which  is  hunff  a  wei|^t,  shown  at  H,  fig.  143,  and  which  must  be  sufficient 
to  re^[ukte  &e  force  of  die  wind  npon  the  valves,  though  no  precise 
quantity  of  weight  can  be  herein  speeiaed,  as  the  same  must  be  aajusted 
by  experiment,  or  by  the  quantity  of  work  to  be  perfonned  by  the  milj^^ 
Chi  the  top  of  the  lack  D  is  a  roller  I,  which  serves  to  keep  the  rack  and 
pinion  in  tne  proper  depth  of  geer.  The  end  of  the  rod  B,  which  turns  in 
the  box  C,  MS  a  knob  or  onion  on  it,  by  which  it  can  be  moved  endwise 
while  it  is  (uminff  in  the  box  C.  In  the  other  end  of  the  rod  is  fixed  a  boss 
or  plaie  of  iron  £,  widi  a  gudgeon  projeotisg  fiK>m  eadi  side,  on  which  are 
the  bridles  or  leadecs  Li^  which  permit  the  levers  M  M  to  describe  a 
curve  with  their  ends  while  the  iron  rod  B  moves  in  a  straight  line.  N  N 
are  two  studs  or  props  fixed  to  the  stock  O  of  the  sail ;  on  the  en^  of 
which  props  the  levers  M  M  move,  and  communicate  their  motioB  to  the 
racks  P  P,  tiie  teeth  of  which  take  into  the  pinions  QQ,  on  the  axis  of 
whithy  (aocjprdinff  to  one  method  herein  exhibited,  fig.  145,)  is  fixed  a 
strong  iron  stud  R,  which  is  attached  to  a  rack  or  sUder  S.  Iron  studs  or 
levers  are  fixed  at  one  end  in  this  slider  S  by  a  pin  or  gudgeon,  and  at  the 
Other  made  fest  to  the  valves  a,  which  ^ove  oo  gudgeons  as  befete 
described. 

^*  The  other  method  of  regulating  the  valres  is  shown  at 
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fig.  146,  where,  msteiid  of  the  aluds  or  leveni,  the  valvee  mftv 
be  moVed  by  having  pinioiii  fixed  to  them,  and  working  with 
teeth  in  a  rack  or  nider,  as  at  T.  V  V  are  rollers  to  keep 
the  racks  P  in  their  geer.  Ilie  operation  of  this  apparatus 
will  be  clearly  comprehended  by  imagining  that  if  the  hook 
4,  on  the  rope  G,  be  polled  down  to  6,  tiie  sheave  F  with  the 
jmiion  £  will  tarn  at  the  same  time,  putting  in  motion  the  rack 
D  with  the  rod  B,  which  will  bring  the  levers  M  M  into  the 
position  represented  by  the  dotted  lines :  the  racks  P  will 
have  turned  the  pinions  Q  till  the  sliders  S  and  T,  with  the 
studs  or  lev^n,  or  racks,  (according  to  whichever  method 
may  be  used,)  bring  the  valves  into  the  position  of  the 
dotted  lines,  in  which  position  they  are  represented  as  having 
all  their  surfaces  to  the  wind;  therefore,  if  a  sufficient  weight 
be  hung  to  the  hook  4,  the  weight  will  descend  to  6>  and 
keep  the  valves  in  the  situation  of  the  dotted  lines;  and 
Buppoung  the  wind  to  blow  upon  them  «with  too  much  force 
in  this  state,  they  will  turn  on  their  gudgeons,  and  raise  the 
weights,  so  that  the  superfluous  wind  will  pass  through  or 
between  them,  without  exerting  an  irregular  force  upon  the 
vanes^  so  as  to  produce  an  unequal  velocity/' 

MILL  WITH  BieHT  QUAHaANGULAR  SAILS. 

This  miU,  which  is  the  invention  of  Mr.  James  Verrier,  is 
represented  in  fig.  147* 

AAA  are  the  three  principal  posts,  27  feet  7|  inches  long,  33  inches 
broad  at  dieir  lower  extremities,  18  inches  at  their  upper,  and  17  inches 
thidE.  Ihe  column  B  is  13  feet  3§  inches  long,  19  inches  in  diameter 
at  its  lower  extremity,  and  16  inches  at  its  upper:  it  is  fixed  in  the 
centre  of  the  miU,  passes  through  the  first  floor  E,  having  its  upper 
extremity  secured  by  the  bars  G  G.  £  £  £  are  the  girders  of  the  fust 
floor,  one  of  which  only  is  seen,  being  ei^ht  feet  three  inches  long,  11  inches 
brood,  and  nine  thick ;  they  are  mortised  into  the  poets  AAA  and  the  column 
B,  and  are  about  eight  feet  three  inches  distance  from  the  ground  floor.  D  D  D 
aie  three  posts,  six  feet  four  inches  long,  nine  inches  broad,  and  six  inclies 
thick :  they  axe  mortised  into  the  girders  £  F  of  the  first  and  second  floor, 
at  the  distance  of  two  feet  four  inches  from  the  posts  A,  &c.  F  F  F  are  the 
girders  of  the  second  floor,  six  feet  long,  11  inches  broad,  and  nine  thick: 
they  are  mortised  into  the  posts  A,  kc,  and  rest  upon  the  upper  extremities 
of  the  posts  D,  &c.  The  three  bars  G  G  G  are  3  feet  If  inches  long, 
seven  inches  broad,  and  three  thick :  they  are  mortised  into  the  posts  D  and 
the  upper  end  of  the  column  B,  four  feet  three  inches  abore  the  floor.  P 
is  one  <rf  fhe  beams  which  support  the  extremities  of  the  bray-trees  or 
birayers;  its  lengt|i  is  two  feet  four  inches,  its  breadth  eight  inches,  and  its 
thidcness  six  in<^es.  I  is  one  of  the  bray-trees  into  which  the  extremity  of 
one  of  Ihe  bridge-trees  R  is  mortised.  EaLch  bray-tree  is  4  feet  9§  inches 
long,  9|  indies  broad,  and  seven  thick,  and  each  bridge-tree  is  four  feet 
six  inches  long,  nine  inches  broad,  and  seven  thick;  being  furnished 
with  a  piece  of  brass  on  its  upper  surface  to  receive  the  under  pirot  of  the 
miU-^lones.    LL  mre  two  iron  screw-bolts,  which  raise  or  oepress  ih» 
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ftxtremitles  of  the  bmy-trees.  M  M  M  an  the  three  tnlO-ttones,  end 
N  N  N  the  iron  spindles  or  arbors  on  which  the  turning  miU*«tones  are 
0xed.  D  is  one  of  three  vheels  or  trundles  which  are  fixed  on  the  upper 
ends  of  the  spindles  N  NN:  they  are  16  inches  in  diameter,  and  each  ia 
furnished  with  14  staves ;  /is  one  of  the  caxrikge-rails  on  which  the  upper 
pivot  of  the  spindle  turns,  and  is  four  feet  two  inches  long,  seven  incnes 
Dioad,  and  four  thick.  It  turns  on  an  iron  bolt  at  one  end,  and  the  other 
end  slides  in  a  bracket  fixed  to  one  of  the  joints,  and  forms  a  mortise  in 
which  a  wedge  is  driven  to  set  the  rail  and  trundle  in  or  out  of  work  t 
f  is  the  horizontal  spur-wheel  that  impels  the  trundles ;  it  is  five  feet  six 
inches  in  diameter,  is  fixed  to  the  perpendicular  shaft  T,  and  is  furnished 
with  42  teeth.  The  perpendicular  sbaft  T  is  nine  feet  one  inch  long,  and 
)4  inches  in  diameter,  having  an  iron  spindle  at  each  of  its  extremities;  the 
VDder  spindle  turns  in  a  brass  block  fixed  into  the  higher  end  of  the 
column  B ;  and  the  upper  spindle  moves  in  a  brass  plate  inserted  into  the 
lower  surface  of  the  carriage-rail-  C.  The  spur-wheel  r  is  fixed  on  the 
upper  end  of  the  shaft  T,  and  is  turned  by  the  crown-wheel  v  on  the 
wind  shaft  eg  it  is  three  feet  two  inches  in  diameter,  an^  is  furnished  with 
15  cogs.  The  carriage-rail  C,  which  is  fixed  on  the  sliding  kerb  Z,  is 
^7  feet  2  inches  long,  one  foot  broad,  and  nine  inches  thick.  Y  Y  Q  is  the 
fixed  kerb,  17  feet  3  inches  diameter,  14  inches  broad,  and  10  thick,  and 
is  mortised  into  the  posts  AAA,  and  festened  with  screw-bolts.  The 
sliding  kerb  Z  is  of  the  same  diameter  and  breadth  as  the  fixed  kerb,  but  its 
thickness  is  only  7§  inches;  it  revokes  on  12  friction  rollers  fixed  on  the 
upper  sur&ce  of  the  kerb  Y  Y  Q,  and  has  four  iron  half-staples,  Y,  Y,  &c,, 
fastened  on  its  outer  edge,  whose  perpendicular  arms  are  10  inches  long, 
two  inches  broad,  and  one  inch  thick,  and  embrace  the  outer  edge  of  the 
fixed  kerb,  to  prevent  the  sliding  one  from  beine  blown  off.  The  capsills 
XV  are  13  feet  9  inches  long,  14  inches  broad,  and  1  foot  thick :  they 
are  fixed  at  each  end  with  strong  iron  screw  bolts  to  the  sliding  kerb, 
and  to  the  carriage-rail  C.  On  the  right  hand  of  to  is  seen  the  extremity  of 
^  cross-rail,  whidi  is  fixed  into  the  capsills  XV  by  strong  iron  bolts;  e  is  a 
bracket  5  feet  long,  16  inches  broad,  and  10  inches  thick;  it  is  bushed  with 
-  a  strong  brass  collar,  in  which  the  inferior  spindle  of  the  windshaft  turns, 
and  is  fixed  to  the  cross-rail  w;bia  another  bracket,  seven  feet  long;  four 
feet  broad,  and  10  inches  thick ;  it  is  fixed  into  the  fore  ends  of  the  capsills, 
and  in  order  to  embrace  the  collar  of  the  windshaft,  it  is  divided  into  two 
parts,  which  are  fixed  together  with  screw-bolts.  The  windshaft  c  is  15  feet 
long,  two  feet  in  diametar  at  the  fore  end,  and  18  inches  at  the  other;  its 
pivot  at  the  back  end  is  six  inches  diameter ;  and  the  shaft  is  perforated, 
to  admit  an  iron  rod  to  pass  easil)r  through  it.  The  vertical  crown-wheel  « 
is  six  feet  in  diameter,  and  is  furnished  with  54  cogs,  which  drive  the  spur- 
wheel  r ;  the  bolster  d,  which  is  six  feet  three  inches  long,  13  inches  broad, 
^d  half  91  foot  thick,  is  fastened  into  the  cross-rail  w,  directly  under  the 
pentre  of  the  windshaft,  having  a  brass  pulley  fixed  at  its  fore  end.  On  the 
upper  surface  of  this  bolster  is  a  groove  in  which  the  sliding  bolt  R  moves, 
having  a  brass  stud  at  its  fore  end.  This  sliding  bolt  is  not  distinctly  seen 
in  the  figure,  but  the  round  top  of  the  brass  stud  is  visible  below  the 
letter  h  ;  the  iron  rod  that  passes  through  the  windshaft  bears  against  this 
brass  stud.  The  sliding  bplt  is  four  feet  nine  inches  long,  nine  inches 
broad,  and  one-thir4  of  a  foot  thick.  At  its  fore  end  is  fix^  a  line  which 
passes  over  the  brass  pulley  in  the  bolster,  and  appears  at  a  with  a  weight 
attached  to  its  extremity,  sufficient  to  make  the  sails  face  the  wind  that  is 
strong  enough  for  the  number  of  stones  employed ;  and  when  the  pressure 
of  the  wind  is  more  than  sufficient,  the  sails  turn  on  an  edge  and  press  bapk 
the  sliding  bolt,  which  prevents  them  firom  moving  with  too  great  velocity  - 
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and  as  soon  as  tlie  wind  abates,  the  sails,  by  the  weight  a,  are  pressed  op 
to  the  wind  tiU  its  force  is  sufficient  to  give  the  mill  a  proper  degree  of 
▼ducity.  By  this  apparatus  the  wind  is  regulated  and  justly  proportioned 
to  the  resistance,  or  work  to  be  performed;  an  uniformity  of  motion  is  also 
obtained,  and  the  mill  is  less  liable  to  be  destroyed  by  the  rapidity  of  its 
motion. 

That  the  reader  may  understand  how  these  effects  are  produced,  we  have 
represented  in  fig.  148,  the  iron  rod,  and  the  arms  which  bear  against  the 
vanes;  c  A  is  the  iron  rod  which  passes  through  the  windshaft  c,  in  fig.  147 ; 
A  is  the  extremity  which  moves  in  the  brass  stud  that  is  fixed  upon  the 
sliding  bolt;  at,  at,&c.,  are  the  cross-arms  at  right  angles  to  a  A,  whose 
extremities  t,  t,  similarly  marked  in  fig.  147,  b^r  upon  the  edges  of  the 
vanes.  The  arms  a  i  are  6f  feet  long,  reckoning  fipom  tne  centre  a,  one  foot 
broad  at  the  centre,  and  five  inches  thick ;  the  arms  n,  n,  &c.,  that  carry  the 
vanes  or  sails,  are  18§  feet  long,  their  greatest  breadth  is  one  foot,  and  their 
thickness  nine  inches,  gradually  diminishing  to  their  extremities,  where  thev 
are  three  inches  in  diameter  The  four  cardinal  sails,  mytnymym,  are  each 
13  feet  long,  eight  feet  broad  at  their  outer  end,  and  three  feet  at  their  lower 
extiemities ;  p,  p,  &c.,  are  tlie  four  assistant  sails  which  have  the  same 
dimensions  as  the  cardinal  ones,  to  which  they  are  joined  by  the  line  S  S  S  S. 
The  angle  of  the  ssul^s  inclination  when  first  opposed  to  the  wind  is 
45  degrees,  and  regularly  the  same  from  end  to  end. 

It  is  evident  from  the  preceding  description  of  this  machine,  that  the 
windshaft  e  moves  along  with  the  sails ;  the  vertical  crown-wheel  v  impels 
the  spur-wheel  r,  fixed  upon  the  axis  T,  which  carries  also  the  spur-wheel 
/.  Xnis  wheel  drives  the  three  trundles  H,  one  of  which  only  is  seen  in 
the  figure,  which  being  fixed  upon  the  spindles  N,  &c.  communicate  motion 
to  the  turning  mill-stones. 

That  the  wind  may  act  i^th  the  greatest  efficacy  upon  the 
sails^  the  wmdshaft  or  principal  axis  must  always  have  the 
same  direction  as  the  wind.  But  as  this  direction  is  per- 
petually changing,  some  apparatus  is  necessary  for  bringing 
the  windshaft  and  sails  into  their  proper  position.  As  bot£ 
the  common  methods  of  adjusting  the  windshaft  require 
human  assistance,  it  would  be  very  desirable  that  the  same 
efiect  should  be  produced  solely  by  the  action  of  the  wind* 
This  may  be  done  by  fixing  a  lai^e  wooden  vane  or  weather- 
cock at  the  extremity  of  a  long  horizontal  arm  which  lies  in 
the  same  vertical  plane  with  the  windshaft.  By  this  means, 
when  the  surface  of  the  vane  and  its  distance  from  the  centre 
of  motion  are  suffidently  great,  a  very  gentle  breeze  will 
exert  a  sufficient  force  upon  the  vane  to  turn  the  machinery, 
and  will  always  bring  the  sails  and  windshaft  to  their  proper 
portion.  This  weadiercock,  it  is  evident,  may  be  appued 
eitber  to  machines  which  have  a  movable  roof,  or  to  tihose 
which  revolve  upon  a  vertical  arbor.  Prior  to  the  French 
revolution,  windmills  were  more  numerous  in  Holland  and 
the  Netherlands  than  in  any  other  part  of  the  world,  and 
there  they  seem  to  have  been  brought  to  a  very  high  state  of 
perfisction^    This  is  evident  i)ot  only  from  the  experiments 
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of  Mr.  Smeaton^  from  which  it  appears  that  sailB  weathered 
in  the  Dutch  manner  j^roduced  neany  a  maximum  effect^  but 
also  from  the  obserrations  of  the  celebrated  Coulomb.    This 

EhiloBopher  examined  above  50  windmills  in  the  neighbour- 
ood  of  Lisle,  and  found  that  each  of  them  performed  nearly 
the  same  qiuintity  of  work  when  the  wind  moved  with  the 
velocity  of  18  or  20  feet  per  second,  though  there  were  some 
^Jjrifling  differences  in  the  inclination  of  their  windshafts,  and 
in  the  disposition  of  their  sails.  From  this  fact.  Coulomb 
justly  concluded  that  the  parts  of  the  machine  must  have 
been  so  disposed  as  to  produce  nearly  a  maximum  effect. 

In  the  windmills  on  which  .Coulomb's  experiments  w^e 
made,  the  distance  from  the  extremity  of  each  sail  to  the 
centre  of  the  windshaft  or  principal  axis  was  33  feet.    The 
sails  were  rectangular,  and  their  width  was  a  little  more  than 
six  feet,  five  of  which  were  formed  with  cloth  stretched  upon 
a  frame,  and  the  remaining  foot  consisted  of  a  very  light  board. 
The  line  which  joined  the  board  and  the  cloth  formed,  on  the 
side  which  faced  the  wind,  an  angle  sensibly  concave  at  the 
commencement  of  the  sail,  which  diminished  gradually  till  it 
vanished  at  its  extremity.  Though  the  surface  of  the  cloth  was 
curved,  it  may  be  regarded  as  composed  of  right  lines  perpendi- 
cular to  the  arm  or  whip  which  carries  the  frame,  (lie  extre- 
mities of  these  lines  correspondmg  with  the  concave  angle 
formed  by  the  junction  of  the  cloth  and  the  board.    Upon  t£ds 
supposition,  these  right  lines  at  the  commencement  of  the  sail, 
which  was  distant  about  six  feet  from  the  centre  of  the 
windshaft,  formed  an  angle  of  GO  degrees  with  the  axis  or 
windshaft,  and  the  lines  at  the  extremity  of  the  wing  formed 
an  angle  increasing  from  78  to  84  degrees,  according  as  the 
inclination  of  the  axis  of  rotation  to  the  horizon  increased 
from  8  to  15  degrees;  or  in  the  mill-wright*s  terms,  the 
greatest  angle  of  weather  was  30  degrees,  and  the  least 
varied  from  12  to  6  degrees,  as  the  inclination  of  the  windshaft 
varied  from  8  to  15  de^ees.    A  pretty  distinct  idea  of  the 
surface  of  windmill  sails  may  be  conveyed  by  conceiving  a 
number  of  triangles  standing  perpendicular  to  the  horizon, 
in  which  the  an^e  contained  between  the  hypothenuse  and 
the  base  is  constantly  diminishing ;  the  hypothenuse  of  each 
triangle  will  then  be  in  the  supe^cies  of  the  vane,  and  they 
would  form  that  superficies  if  their  num.ber  were  infinite* 
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ON   HORIZONTAL  WINDMILLS. 

A  VAUBTV  of  opinions  have  been  entertained  respecting 
the  relative  advantages  of  horizontal  and  vertical  windmills, 
Mr.  Snieaton  gives  a  decided  preference  to  the  latter ;  but, 
when  he  asserts  that  horizontal  wmdinills  have  only  one*eigbth 
or  one-tenth  of  the  power  of  vertical  ones,  he  certainly  forms 
too  low  an  estimate  of  their  power.  Mr.  Beatson,  on  the 
contrary,  who  has  a  patent  for  the  construction  of  a  new 
horizontal  windmill,  seems  to  be  prejudiced  in  their  fieivour^ 
From  an  impartial  investigation,  it  will  probablv  appear, 
that  the  truth  lies  between  tiiese  two  opposite  opinions  |  but 
before  entering  on  this  discussion,  we  must  first  consider  the 
nature  and  form  of  horizontal  windmills ;  which  we  shall  do 
in  presenting  the  reader  with  a  description  of  the  horizontal 
mlu  erected  at  Margate  by  Captain  Hooper. 

Fig.  149  ia  ao  upright  section,  and  fig.  150  a  plan  of  the  building. 
H  H  are  the  aide  w^  of  an  octagonal  building  i^hidk  contains  the 
machinery.  These  wdlls  are  surmounted  by  a  'strong  timber  framing 
G  G,  of  the  same  form  as  the  building,  and  connected  at  top  by 
cross-framing  to  support  (he  roof,  and  also  the  upper  pivot  of  the  main 
vertical  shaft  A  A,  which  has  three  sets  of  arms,  B  B,  C  C,  D  D,  framed 
upon  it  at  that  port  -which  rises  above  the  height  of  the  walls,  llie  arms 
are  strengthened  and  suppcnrted  bf  diagonal  braces,  and  their  extremities 
are  bolted  to  octagonal  wood  frames,  round  which  tiie  vanes  or  floats  E£ 
are  fixed,  as  seen  in  outline  in  fie.  150,  so  as  to  form  a  large  wheel,  resea>- 
Uin^  a  watep>wheel,  which  is  less  than  the  size  of  the  house  by  about 
18  mdies  all  round  Ibis  space  is  occupied  by  a  number  of  vertical 
boards  or  blinds  F  F,  turning  on  pivots  at  top  and  bottom,  and  placed 
obliquely,  so  as  to  overiap  each  other,  and  completely  shut  oat  the  wind,  and 
stop  Aie  mill,  by  feimtng  a  close  case  surrounding  the  wheel ;  but  they  can 
be  moved  altogether  upon  their  pivots  to  allow  the  wind  to  blow  in  the 
direction  of  a  tangent  upon  the  vanes  on  one  side  of  the  wheel,  at  the  time 
the  other  side  is  completely  shaded  or  defended  by  the  boeirding.  The 
position  of  the  blinds  is  clearly  shown  at  F  F,  ^.  150.  At  the  lower  end 
of  the  vertical  shaft  A  A,  a  large  spur-wheel  a  a  is  fixed,  which  gives  motion 
to  a  pinion  c,  upon  a  small  veitiod  axis  tf,  whose  uppet  pivot  turns  in  a 
bearmg  bolted  to  a  ^rdei  of  the  floor  n.  'Above  the  pinion  c,  a  spur- 
wheel  e  is  placed,  to  nve  motion  to  two  small  pinions/,  on  the  upper  ends 
of  the  spindles  g,  of  the  milV-stooe  A.  Anouer  pinion  is  situate  at  the 
opposite  side  of  &e  great  spur-wheel  a  a,  to  give  motion  to  a  third  pair  of 
mill-stoncs,  which  are  usea  when  the  wind  b  very  strong;  and  then  the 
wfacd  turns  so  quick  as  not  to  need  the  extra  wheel  e  to  give  the  requisite 
Telocity  to  the  stones.  The  weight  of  the  main  yertical  shaft  is  borne  by  a 
strong  timber  ft,  having  a  brass  box  placed  on  it  to  receive  the  lower  pivot  of 
the  naft.  It  is  supported  at  its  ends  by  cross-beams  mortised  into  the  upright 
posts  ft  d,  as  shown  m  the  plan,  fig.  150.  A  floor  or  roof  1 1  is  thrown  across 
the  top  of  the  brick-buildine  to  protect  the  machinery  from  the  weather,  and 
to  prevent  the  rain  blowing  down  the  opening  through  which  the  shaft  descends, 
a  broad  djcular  hoop  K  is  fixed  to  the  noor,  and  is  surrounded  by  another  hoop 
or  case  I>  which  is  nxed  to  the  aims  D  D  of  the  wheel.    This  last  is  of  such  a 
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siie,  as  eiaetly  to  go  over  the  hoop  K,  without  touching  it  when  the  whe^ 
turns  round.  By  this  means,  the  rain  is  completely  excluded  from  the 
upper  rqom  M,  which  senres  as  a  granary,  beinj;  fitted  up  with  the  bins 
« fN,  to  contain  the  different  sorts  of  grain  which  u  raised  up  by  the  sack- 
tackle.  A  wheel  t  is  fixed  on  the  main  shaft,  haTing  cogs  projecting  fit>m 
both  sides.  Ihoae  at  the  under  side  work  into  a  pinion  on  the  end  of  the 
roller  K,  which  is  for  the  purpose  of  drawing  up  sacks.  Another  pinion  is 
situated  above  the  wheel  t,  which  has  a  roller  projecting  out  over  the  flap- 
doors  seen  at  p,  in  fig.  150,  to  land  the  sacks  upon.  The  two  pinions  m  m, 
fig.  150,  are  turned  by  the  great  wheel  a  a,  and  are  for  gtving  motion  to  the 
dressing  and  bolting  machines,  which  are  placed  upon  the  floor  N,  but  are 
not  shown  in  the  drawing,  being  exactly  similar  to  the  di|Bssing  machines 
used  in  all  flour-mills.  The  cogs  upon  the  great  wheel  a  are  not  so  broad 
as  the  rim  itself,  leaving  a  plain  nm  about  three  inches  broad.  This  is 
encompassed  by  a  broad  iron  hoop,  which  is  made  fast  at  one  end  to  the 
upright  post  6 ;  the  other  being  jointed  to  a  strong  lever  ft,  to  the  extreme 
end  of  which  a  purchase  o  is  attached,  and  the  &11  is  made  fast  to  iron  pins 
on  the  top  of  a  frame  fixed  to  the  ground.  This  apparatus  answers  the 
purpose  of  the  brake  or  gripe  used  in  common  windmills  to  stop  their 
motion.  By  puUing  the  nil  of  the  purchase  o,  it  causes  the  iron  strap  to 
embrace  the  great  wheel,  and  produces  a  resbtance  sufficient  to  stop  the 
wheel.    The  mill  can  be  regulated  in  its  motion,  or  stopped  entirely,  by 

Xnittg  or  shutting  thte  blinds  F,  which  surround  the  fim-wneel.  They  are 
moved  at  once  by  a  circukur  ring  of  wood  situated  iust  beneath  the 
lower  ends  of  the  blinds  upon  the  floor  1 1,  being  connected  with  each  blind 
by  a  short  iron  link.  The  ring  is  moved  round  by  a  rack  and  spindle  which 
descend  into  the  mill-room  below,  for  the  convenience  of  the  muier. 

The  mode  of  bringing  the  sails  back  against  the  wind,  whidh  Mr.  Beatson 
invented,  is,  perhaps,  the  simplest  and  best  for  that  end.    He  makes  each 
sail  A  I,  fig.  151,  to  consist  of  six  or  eight  flaps  or  vanes,  A  P,  6 1,  6  1 ,  c  2, 
&c.,  moving  upon  hinges  represented  by  the  dark  lines,  AP,  61,  e2,  &c., 
so  that  the  lower  side  61  of  the  first  flap  wraps  over  the  hinge  or  higher 
side  of  the  second  flap,  and  so  on.    Wlien  the  wind,  therefore,  acts  upon 
the  sail  A  I,  each  flap  will  press  upon  the  hinge  of  the  one  immediately 
below  it,  and  the  whole  surkce  of  the  sail  will  be  exposed  to  its  action. 
But  vrhea  the  sail  A I  returns  against  the  wind,  the  flaps  will  revolve  round 
upon  their  hinges,  and  present  only  their  edges  to  the  wind,  as  is  repre* 
sented  at  £  G,  so  that  tne  resistance  occasioned  by  the  return  of  the  sail 
must  be  greatly  diminished,  and  the  motion  will  be  continued  by  the  great 
superiority  of  force  exerted  upon  the  sails  in  the  position  A  I.    In  corn* 
puting  the  force  of  the  wind  upon  the  sail  A  I,  and  the  resistance  opposed 
to  it  by  the  edges  of  the  flaps  in  £  G,  Mr.  Beatson  finds,  that  when  the 
pressure  upon  the  former  is  1872  pounds,  the  resistance  opposed  by  the 
latter  is  only  about  36  pounds,  or  ^  part  of  the  whole  force;  but  he 
neglects  the  action  of  the  wind  upon  the  arms,  C  A,  &c.,  and  the  firames 
which  carry  the  sails,  because  th^  expose  the  same  surface  in  the  position 
A  I,  as  in  the  position  £  G.    This  omission,  however,  has  a  tenaency  to 
mislead  us  in  tne  present  case,  as  we  shall  now  see;  for  we  oug^t  to 
compare  the  whole  force  exerted  upon  the  arms,  as  well  as  the  sail,  with 
the  whole  resistance  which  these  arms  and  the  edges  of  the  flaps  oppose  to 
the  motion  of  the  vrindmill.     By  inspecting  the  figure  it  will  appear,  that  if 
the  force  upon  the  edges  of  the  flaps,  wUch  Mr.  Beatson  supposed  to  be 
12  in  number,  amounts  to  36  pounds,  the  force  spent  upon  the  bars  C  D, 
D  G,  G  F,  F  £,  &c.,  cannot  be  less  than  GO  pounds.    Now,  since  these 
bars  are  acted  upon  with  an  eoual  force,  when  the  sails  haye  the  position 
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A  ly  1879  +  60  »  1933  will  be  tbe  force  exerted  upon  the  sail  A I  and  its 
appendages,  while  the  opposite  force  upon  the  bars  and  edges  of  the  flaps 
when  returning  against  the  wind  will  be  36  •»■  60  »  96  pounds,  irhicli  is 
nearly  A  of  1932,  instead  of  ^  as  computed  by  Mr.  Beatson.  Hence  we 
may  see  the  advantages  which  will  probably  arise  from  using  a  screen  for 
the  returning  sail  instead  of  moyable  flaps,  as  it  will  preserve  not  only  the 
sails,  but  the  arms  and  the  frame  which  supports  it,  from  the  action  of  the 
wind.* 

Mr.  Brewster  makes  also  the  following  remark  on  the 
comparative  power  of  horizontal  and  vertical  windmiUs.  It 
has  been  already  stated,  that  Mr,  Smeaton  rather  underrated 
the  former  while  he  maintained  that  they  have  only  one-eighth 
or  one-tenth  the  power  of  the  latter.  He  observes,  that  when 
the  vanes  of  a  horizontal  and  a  vertical  mill  are  of  the  same 
dimensions,  the  power  of  the  latter  is  four  times  that  of  the 
former ;  because,  in  the  first  case,  only  one  sail  is  acted  upon 
at  once}  while,  in  the  second  case,  all  the  four  receive  the 
impulse  of  the  wind.  This,  however,  is  not  strictly  true, 
since  the' vertical  sails  are  all  oblique  to  the  direction  of  the 
wind.  Let  us  suppose  that  the  area  of  each  sail  is  100  square 
feet;  then  the  power  of  the  horizontal  sail  may  be  called 
100  X  sin.*  70°  (which  is  the  common  angle  of  inclination) 
=  8B  nearly;  but  since  there  are  four  vertical  sails,  the 
power  of  them  all  will  be  4  X  86  s=  362:  so  that  the  power 
of  the  horizontal  sail  is  to  that  of  the  four  vertical  ones  as 
1  to  3.52,  and  not  as  1  to  4,  according  to  Mr.  Smeaton. 
But  Mr.  Smeaton  also  observes,  that  if  we  consider  tiie 
further  disadvantages  which  arises  from  the  difficulty  of 
setting  the  sails  back  a^inst  the  wind,  we  need  not  wonder 
if  horizontal  windmills  have  only  about  -^  or  iV  of  the  com- 
mon sort.  We  have  already  seen  that  the  resistance  occa- 
sioned by  the  retiun  of  the  sails  amounts  to  A  of  the 
whole  force  which  they  received;  by  subtracting  -.v  there- 
fore, fex)m  -rVr,  we  shall  find  that  the  power  of  horizontal 
windmills  is  only  4:°4,  or  little  more  than  one-fourth  less 
than  that  of  vertical  ones.  This  calcidation  proceeds  upon  a 
supposition  that  the  whole  force  exerted  upon  vertical  sails 
is  employed  in  turning  them  round  the  axis  of  motion; 
whereas  a  considerable  part  of  this  force  is  lost  in  pressing 
the  pivot  of  the  axis  or  windshaft  agidnst  its  gudgeon. 
Mr.  Smeaton  has  overlooked  this  circumstance,  otherwise  he 
could  never  have  maintained  that  the  power  of  four  vertical 

*  Hk  sails  of  horizontal  windmills  tre  sometimes  filed  like  float-boards  on 
the  circmnference  of  a  large  dmm  or  cylinder.  These  sails  more  upon  hinges 
to  aa  to  stand  at  right  angles  to  the  drum,  when  they  are  to  receive  the  impulse 
oi  the  wind  ^  and  when  they  return  against  it^  they  fold  down  Upon  its  circum* 
ference. 
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sailB  was  quadruple  the  power  of  one  horizontal  Bti\  the 
dimeneiona  of  each  being  the  same.  Taking  this  circum- 
stance into  tiie  account,. we  cannot  be  jEetr  wrong  in  saying 
that,  in  theory  at  least,  if  not  in  practice,  the  power  of  a 
horizontal  windmill  is  about  one-third  or  one-fourth  of  the 
power  of  a  vertical  one,  when  the -quantity  of  surface  and  the 
form  of  the  saiLs  are  the  same,  and  when  all  the  parts  of  the 
horizontal  sails  have  the  same  distance  from  the  axis  of 
motion  as  the  corresponding  parts  of  the  vertical  sails.  But 
if  the  horizontal  sails  have  Sie  position  AI,  E  G,  in  fig.  151^ 
instead  of  the  position  C  A  ^f  m,  C  D  o  n,  their  effect  will  be 
greatly  increased,  though  the  quantity  of  sur&ce  is  the  same; 
because  the  part  C  P  3  m  being  transferred  to  B 1 3  (/,  has 
much  more  power  to  turn  the  sails.  Having  this  method, 
therefore,  of  increasing  the  effect  of  horizontal  sails,  which 
cannot  be  applied  to  vertical  ones,  we  would  encourage  every 
attempt  to  improve  their  construction,  as  not  only  laudable 
in  itself,  but  calculated  to  be  of  essential  utility  in  a  com- 
mercial country.— See  Dr.  Brewster's  valuable  Appendix  to 
Ferguson's  Lectur€S. 


FLOUIUMILLS. 

In  fig.  152  we  have  given  a  section  of  a  double  flour-mill, 
reduced  from  Gray's  Experienced  Mill-wright,  mth  the  follow- 
ing account : 

A  A,  the  water-wheel.  B  B,  its  shaft  or  axle.  C  C,  a  wheel  fixed  upon 
the  same  shaft,  containing  90  teeth  or  con,  to  drive  the  pinion  No.  1, 
having  23  teeth,  which  is  fastened  upon  Uie  vertical  shaft  D.  No.  2,  a 
wheel  fixed  upon  the  shaft  D,  containing  83  teeth,  to  turn  the  two  pinions 
FF,  having  15  teeth,  which  are  fastened  upon  the  iron  axles  or  spindles 
that  carry  the  two  upper  mill-stones.  £  £,  tne  beam  or  sill  that  supports 
the  frame  on  which  the  under  mill-atones  are  laid.  6  G^  the  cases  or 
boxes  that  enclose  the  upper  mill-stones;  they  should  be  about  two  inches 
distant  from  the  stone  all  round  its  circumference.  T  T,  the  bearers,  called 
bridges,  upon  which  the  under  end  of  the  iron  spindles  turn.  These 
spindles  pass  upwards  through  a  hole  in  the  middle  of  the  nether  mill-stonesy 
in  which  is  fixed  a  wooden  bush  that  their  upper  ends  turn  in.  The  top 
pait  of  the  spindles,  above  each  wooden  bosh,  is  made  square,  and  goes 
into  a  square  hole  in  an  iron  cross,  which  is  admitted  into  grooves  in  the 
middle  and  under  surface  of  the  upper  mill-stone«  By  this  means  that  stone 
is  carried  round  along  with  the  trundles  F  F,  when  turned  by  the  whe^ 
No.  2.  One  end  of  the  bridges  TT  is  put  into  mortises  in  fixed  bearers  ; 
and  ihe  other  end  into  mortises  in  the  bearers  that  move  at  one  end  on  iron 
bolts,  their  other  ends  hanging  by  iron  rods  having  screwed  nuts,  as  U  U  ; 
so  that  when  turned  forward  or  backward  they  raise  or  depress  the  upper 
mill-stones,  according  as  the  miller  finds  it  necessary.  S  5,  the  feeders,  in 
the  under  end  of  each  of  which  is  a  square  socket  that  goes  upon  the  square  of 
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the  spindles  aboy^  the  iron  cross  or  rind,  and  having  three  or  four  branches 
that  move  the  spout  or  shoe,  and  feed  the  wheat  constantly  from  the 
hoppers  into  the  hole  or  eye  of  the  upper  mill*stone,  where  it  is  introduced 
betwixt  the  stones,  and  by  the  circular  motion  of  the  upper  stone  acquires 
a  centrifugal  force,  and  proceeding  gradually  from  the  eye  of  the  milt- 
stone  towvds  the  circnmference,  is  at  length  thrown  out  in  flour  or  meal. 
R  R,  the  sfaiice^  machine,  and  handle,  to  raise  the  sluice,  and  let  the  water 
on  the  wheel  A  to  drive  it  round.  No.  3  is  a  wheel  fixed  upon  the  shaft  D, 
containing  44  teeth,  to  turn  the  pinion  No.  4,  having  15  teeth,  which  is 
fastened  upon  the  horizontal  axle  H.  On  this  axle  is  abo  fixed  the 
barrel  K,  on  which  go  the  two  leather  belts  that  turn  the  wire  engine  and 
bolting  mill.  L,  an  iron  spindle,  in  the  under  end  of  whidi  is  a  square 
socket  that  takes  in  a  square  on  the  top  of  the  gudgeon  of  the  vertical  shaft 
D.  There  is  a  pinion  M,  of  nine  teeth,  fixed  on  the  upper  end  of  the 
spindle  L^  to  turn  the  wheel  M  M,  having  48  teeth,  which  is  fastened 
QpoD  the  axle  round  vrhich  the  rope  Z  Z  rolls,  to  carry  the  sacks  of  flour  up 
to  the  cooling  benches.  By  pulling  the  cord  O  O  a  little,  the  wheel  M  M 
and  its  axle  are  put  into  motion,  in  consequence  of  that  wheel  and  its  axle 
being  moved  horizontally,  until  the  teeth  of  the  wheel  are  brought  into 
contact  with  those  of  the  pinion  at  the  top  of  the  spindle  L :  and,  on  the 
contrary,  by  pulling  the  cord  P  P,  the  vidieeV  M  ana  its  axle  are  moved  in 
the  opposite  horizontal  direction,  till  they  are  thrown  out  of  geer  with  the 
pinion,  and  the  rotatory  motion  of  that  wheel  stops.  But  when  the  sack  of 
flour  is  raised  up  to  the  lever  Q,  it  pushes  up  that  end  of  the  lever,  and  of 
course  the  other  end  dovm;  by  which  means  the  pinion  M  is  disengaged, 
and  thus  that  part  of  the  machine  stops  of  itself.  N  N  are  tw6  lar&re 
hoppers,  mto  wnicfa  the  clean  wheat  is  put  to  be  conveyed  down  to  the 
hoppen  SS,  placed  on  the  frame  immjediajtely  above  the  mill-stones. 
W  w,  the  side  wall  of  the  mill-house.  V,  the  couples  or  frame  of  the  roof. 
X  X,  windows  to  lighten  the  house. 

Fig.  153  represents  the  surface  of  the  under  grinding  mill-stone;  theviray 
of  laying  out  the  roads  or  channels ;  the  wooden  bush  fixed  into  the  hol« 
in  ite  middle,  in  which  the  upper  end  of  the  iron  spindle  turns  round ;  and 
the  case  orho(^  that  surround  the  upjper  one,  whicn  ought  to  be  two  inches 
clear  ef  the  stooe  all  round  its  circumterenoe. 

Fig.  154,  the  npper  grinding  mill-stone,  and  iron  cross  OY  rind  in  its 
middle;  in  the  centre  of  which  is  a  square  hole  that  takes  in  a  square  on  the 
top  of  the  iron  spindle,  to  carry  round  the  mill-etone.  When  the  working 
sides  or  faces  of  the  mill-stones  are  laid  uppermost,  the  roads  (or  channels) 
must  he  in  the  same  direction  in  both;  so  that  when  the  upper  stone  is 
turned  ov«i,  and  its  surface  laid  upon  the  under  one,  then  the  channels  may 
cross  each  other,  which  assists  in  grinding  and  throwing  oat  the  flour,  the 
sharp  edges  of  the  two  furrows  then  cutting  against  each  other  like  scissars. 
The  roads  are  likewise  laid  out  according  to  the  vray  the  upper  stone 
revolves.  In  those  represented  in  the  figures,  the  running  mill-stone  is 
supposed  to  turn  ''snnway,"  or  as  in  what  is  called  a  jight-handed  mill: 
bat  if  the  stone  revolves  the  other  way,  the  channels  must  be  cut  the  reverse 
of  this,  and  then  the  mill  is  termed  a  left-handed  one. 

Hie  mill-stones  are  of  the  utmost  importance  in  the  con- 
fitrucilicm  of  flour-mills,  as  upon  them  principally  depends  the 
quality  of  the  meal ;  we  cannot,  therefore,  do  better  than  to 
annex'  Mr.  Ferguson's  opinion  upcm  them,  as  also  some  subr 
sequent  femftrka  by  his  editor,  Dr.  Brewster. 
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The  heavier  the  running  mill-stone  is,  and  the  greater  (he 
qoantity  of  water  that  &lls  upon  the  whed^  so  much  the 
fiister  will  the  mill  bear  to  be  fed,  and  consequently,  so  much 
the  more  it  will  grind :  and,  on  the  contrary,  the  lighter  the 
stone,  and  the  less  the  quantity  of  water,  so  much  slower 
must  the  feeding  be.  But  when  the  stone  is  considerably 
wore,  and  become  light,  the  mill  must  be  fed  dowly  at  any 
rate ;  otherwise  the  stone  will  be  too  much  borne  up  by  the 
com  under  it,  which  \inill  make  the  meal  coarse. 

The  quantity  of  ppwer  required  to  turn  a  heavy  mill-stone 
is  but  very  little  more  than  what  is  sufficient  to  turn  a  light 
one :  for  as  it  is  supported  upon  the  sphidle  by  the  bridge- 
tree,  and  the  end  of  the  spindle  that  turns  in  the  brass  foot 
therein  being  but  small,  the  odds  arising  from  the  weight  is 
but  very  inconsiderable  in  its  action  agidnst  the  power  or 
force  of  the  water ;  and,  besides,  a  heavy  stone  has  tlie  same 
advantage  as  a  heavy  fly,  namely,  that  it  regulates  the  motion 
much  better  than  a  light  one. 

In  order  to  cut  and  grind  the  com,  both  the  upper  and 
under  mill-stones  have  channels  or  furrows  cut  into  them^ 
proceeding  obliquely  from  the  centre  towards  the  circum- 
ference: arid  these  fiirrows  are  cut  perpendicularly  on  one 
side,  and  obliquely  on  the  other,  into  the  stone,  which  gives 
each  furrow  a  sharp  edge,  and  in  the  two  stones  they  come^ 
as  it  were,  against  one  another  like  the  edges  of  a  pair  of 
scissars,  and  so  cut  the  com,  to  make  it  grind  the  easier 
when  it  falls  upon  the  places  between  the  mrrows.  These 
are  cut  the  same  way  in  both  stones  when  they  lie  upon  their 
backs,  which  makes  them  run  cross  ways  to  each  other  when 
the  upper  stone  is  inverted,  by  turning  its  furrowed  surface 
toward  that  of  the  lower.  For,  if  the  furrows  of  both  stones 
lay  the  same  way,  a  great  deal  of  the  com  would  be  driven 
onward  in  the  lower  furrows,  and  so  come  out  from  between 
the  stones  without  being  either  cut  or  bruised. 

When  the  furrows  become  blunt  and  shallow  by  wearing^ 
the  running  stone  must  be  taken  up,  and  both  stones  new 
dressed  with  a  chisel  and  hammer ;  and  every  time  the  stone 
is  taken  up,  there  must  be  some  tallow  put  round  the  spindle 
upon  the  bush,  which  will  soon  be  melted  by  the  heaj  the 
spindle  acquires  from  its  turning  and  rubbing  agsdnst  the 
bush,  and  so  will  get  in  between  them,  otherwise  the  bush 
would  take  fire  in  a  very  little  time. 

The  bush  must  embrace  the  spindle  quite  close,  to  prevent 
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&ny  shake  in  the  mottOD,  which  would  make  some  parts  of 
the  stones  grate  and  fire  against  each  other,  while  other  parts 
of  them  would  be  too  far  asunder,  and  by  that  means  spoil 
the  meal  in  grinding. 

Whenever  the  spindle  wears  the  bush  so  as  to  begin  to 
shake  in  it,  the  stone  must  be  taken  up,  and  a  chisel  drove 
into  seyeral  parts  of  the  bush;  and  when  it  is  taken  out, 
wooden  wedges  must  be  driven  into  the  holes;  by  which 
means  the  bush  will  be  made  to  embrace  the  spindle  dose 
all  round  it  again.  In  doing  this,  great  care  must  be  taken 
to  drive  equal  wedges  into  the  bush  on  opposite  sides  of  the 
spindle,  otherwise  it  will  be  thrown  out  of  the  perpendicular^ 
and  so  hinder  the  upper  stone  from  being  set  parallel  to  the 
under  one,  which  is  absolutely  necessary  for  making  good 
work.  When  any  accident  of  this  kind  happens,  the  perpen- 
dicular position  of  the  spindle  must  be  restored  by  adjusting 
the  bridge-^tree  by  proper  wedges  put  between  it  and  the 
brayer. 

It  often  happens  that  the  rind  is  a  little  wrenched  in 
laying  down  the  upper  stone  upon  it,  or  is  made  to  sink  a 
little  lower  upon  one  side  of  the  spindle  than  upon  the  other ; 
and  this  will  cause  one  edge  of  the  upper  stone  to  drag  all 
round  upon  the  other,  while  the  opposite  edge  will  not 
touch.  But  this  is  easily  set  to  rights,  by  raising  the  stone 
a  little  with  a  lever,  and  putting  bits  of  paper,  cards,  or  thin 
chips,  between  the  rind  and  the  stone. 

The  diameter  of  the  upper  stone  is  generally  about  six 
feet,  the  lower  stone  about  an  inch  more;  and  the  upper 
stone,  when  new,  contains  about  22^  cubic  feet,  which 
weighs  somewhat  more  than  19,000  pounds.  A  stone  of 
tills  diameter  ought  never  to  go  more  than  60  times  round 
in  a  minute,  for  U  it  turns  faster  it  will  heat  the  meal. 

The  grinding  surface  of  the  under  stone  is  a  little  convex 
from  the  edge  to  the  centre,  and  that  of  the  upper  stone  a 
little  more  concave:  so  that  they  are  farthest  from  one 
another  in  the  middle,  and  come  gradually  nearer  towanls 
the  edges.  By  this  means,  the  com  at  its  first  entrance 
between  the  stones  is  only  bruised;  but  as  it  goes  farther  on 
towards  the  circumference  or  edge,  it  is  cut  smaller  and 
smaller;  but  at  last  finely  ground  just  before  it  comes  out 
firom  b^ween  them.* 

*  The  upper  rolll-stoDe,  Dvheti  six  feet  in  diaineter,  is  generally  hollowed 
about  one  inch  at  the  centre ;  and  the  under  one  rises  about  tluree-fourths 
of  an  indi.  The  com  that  fells  from  the  hopper  insinuates  itself  between 
them  as  fer  as  two-thirds  of  the  radius  where  the  grinding  begins ;  the 
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When  the  fiirrows  of  mill-stones  are  worn  shallow,  and 
eoDsequently  new  dressed  with  the  chisel^  the  same  quantity 
of  stone  must  be  taken  from  every  part  of  the  grinding 
surface^  that  it  may  have  the  same  convexity  or  concavity  as 
before.  As  the  u^er  mill-stone  should  always  have  the 
same  weight  when  its  velocity  remains  unchanged,  it  will  be 
necesssoT  to  add  to  it  as  much  weight  as  it  lost  in  llie  dressing. 
This  will  be  most  conveniently  done  by  covering  its  top  wim 
a  layer  of  plaster,  of  the  same  diameter  as  the  layer  of  stone 
tfd^en  from  its  grinding  surfiice,  and  as  much  thicker  than 
the  layer  of  stone,  as  the  specific  gravity  of  the  stone  exceecte 
the  specific  gravity  of  the  plaster.  That  the  reader  may 
have  some  idea  of  the  manner  in  which  the  furrows,  or 
channels,  are  arranged,  we  have  represented,  fig.  154,  the 
grinding  surface  of  tlie  upper  mill-stone,  upon  the  supposition 
that  it  moves  from  east  to  west,  or  for  what  is  called  a  right* 
handed  mill.  When  the  mill-stone  moves  in  the  opposite 
direction,  the  position  of  the  furrows  must  be  reversea. 

la  fig.  156,  we  have  a  section  of  the  mill-stone,  spindle,  and  lantern^ 
The  under  millstone  MFHG,  which  neyer  moves,  may  be  of  any 
thidcness.  Its  grinding  surface  must  be  of  a  conical'lorm,  the  point  b  being 
idMut  an  inch  above  the  horizontal  line  P  EL,  and  M  a  and  P  b  being  straight 
lines.  Ihe  upper  mill-stone  £  F  P  M,  which  is  fixed  to  the  spindle  C  D,  at 
C,  and  is  earned  round  with  it,  should  be  so  hollowed  that  the  angle 
O  M  a,  formed  by  the  grinding  surfaces,  may  be  of  such  a  size  that  O  n, 
being  taken  e^ual  to  n  M,  n«  may  be  equal  to  the  thickness  of  a  grain  of 
com.  The  diameter  ON  of  the  mill<«ye  m C,  should  be  between  8  and 
14  inches;  and  the  wei^t  of  the  upper  mill-stone  £P,  joined  to  the 
weight  of  the  spindle  CD,  and  the  trundle  s,  (the  sum  of  which  three 
numbers  is  called  the  e^uipa^e  of  the  turning  miU-stone,)  should  never  be 
less  than  1550  pounds  avoirdupois,  otherwise  the  resistance  of  the  grain 
would  bear  up  the  mill-stone,  and  the  meal  be  ground  too  coarse. 

In  order  to  find  the  weight  of  the  equipage ;  divide  the  thinl  of  the 
radius  of  the  gudgeon  by  the  radius  of  the  water-wheel  which  it  supports, 
and  having  taken  the  quotient  from  2,25  multiply  the  remainder  by  the 
expense  of  the  source,  by  the  relative  M\,  and  by  the  number  19,911,  and 
you  will  have  a  first  quantity,  which  may  be  regarded  as  pounds.  Multiply 
the  square  root  of  the  relative  fall  by  the  weijpit  of  the  arbor  of  the  waler- 
i^eel,  by  ihe  radius  of  its  gudgeon,  and  by  the  number  1617,  and  a  second 
quantity  will  be  had,  which  will  also  represent  pounds.  Divide  the  third 
part  of  the  radius  of  the  gudgeon  by  the  radius  of  the  water-wheel,  and 
Having  augmented  the  quotient  by  unity,  multiply  the  sum  by  1005,  and  a 
third  (quantity  will  be  obtained.  Subtract  the  second  quantity  from  tke 
first,  divide  the  remainder  by  the  third,  and  the  quotient  wiU  e^eas  t}ie 
number  of  pounds  in  the  equipage  of  the  mill-stone. 

The  weight  of  the  equipage  being  thus  found,  extradl  its 

distance  between  the  stones  being  there  about  two-thirds  or  three-fMuche 
of  the  thickness  of  a  grain  of  com.  This  distance,  however,  -can  be  altered 
at  pleasure,  by  raising  or  sinking  the  upper  stone.-*JDr.  Bvowster. 
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•qnare  root,  expreiised  in  pounds^  and  multiply  k  by  039^ 
and  the  product  wiU  be  the  radius  of  the  milUstone  in  feet. 

In  order  to  find  the  weight  and  thickness  of  die  upper  mill- 
0Ume,  the  fidlowing  rules  must  be  observed : 

t.  To  find  Ibe  weight  of  a  quantity  of  stone  equal  to  tiie  miH-eye ; 
take  any  quantity  which  seems  most  proper  for  the  weight  of  the  spiiMlle 
C  D,  and  the  lantern  X,  and  subtract  this  quantity  from  Uie  weight  of  the 
mill-stODe's  ejuipagi^  for  a  first  quantity.  Find  the  area  of  the  miU-eye, 
and  multiply  it  i>y  the  weight  of  a  cubic  foot  of  stone  of  the  same  kind  as 
the  mill-stoae,  and  a  second  quantity  will  be  had.  Multiply  the  area  of 
the  mili-stone  by  the  weight  of  a  cubic  foot  of  the  same  stone,  for  a  ikatd 
quantity.  Multiply  the  first  quantity  by  the  second,  anddiride  the  product 
by  the  third,  and  the  quotient  will  be  the  weight  required. 

2.  To  find  the  number  of  cubic  feet  in  the  turning  mill-stone,  supposing 
It  to  have  no  eye ;  firom  the  weight  of  the  spindle  uid  lantern  subtract  the 

nntity  found  by  the  preceding  rule,  for  the  first  number.  Subtract  this 
number  from  tbe  weight  of  the  equipage,  and  a  second  number  wUl 
be  obtained.  Divide  this  second  quantity  by  the  weight  of  a  cubic  foot  of 
stone  of  the  same  quality  as  the  mill-stone,  and  the  quotient  will  be  the 
number  of  cubic  feet  in  £  M  P  F,  in  C  being  supposed  to  be  filled  up. 

3.  To  find  the  quantities  mN  and  EM,  i.e.  the  thickness  of  the  liiill- 
atone  at  its  centre  and  eiieumfeience;  divide  the  solid  content  of  ths 
mitt-atone,  as  found  by  the  preceding  rule,  by  its  area,  and  you  jvill  have 
the  first  qoaotity.  Add  b  R,  which  is  generally  about  an  inch,'  to  twice 
the  diameter  of  a  grain  of  com,  for  a  second  quantity.  Add  the  fint 
quantity  to  one-^third  of  the  second,  and  the  sum  will  be  the  thickness  of  the 
mUU^Umt  at  the  eircumforence.  Subtraot  the  third  of  the  second  quantity 
from  the  first  quantity,  and  the  remainder  will  be  its  thickness  at  the  centre. 

The  size  of  ihe  null-stone  being  thus  found,  its  velocitj  is 
next  to  be  determined.  M.  Fabre  observes,  that  tbe  flour 
is  the  best  possible  when  a  mill-stone  five  feet  in  diameter 
makes  from  48  to  61  revolutions  in  a  minute.  Mr.  Ferguson 
allows  60  turns  to  a  mill^^stoae  six  feet  in  diameter;  and 
Mr.  Imison  120  to  a  mill-stone  4^  feet  in  diameter.  In 
ndlis  upon  Mr.  Imison's  construction,  the  great  heat  that 
must  be  generated  by  such  a  rapid  motion  of  the  mUl-stone^ 
must  render  the  meal  of  a  very  inferior  quality:  much  time^ 
on  the  contrary,  will  be  lost,  when  such  a  slow  motion  is 
employed  as  is  recommended  by  M.  Fabre  and  Mr.  Ferguson. 
In  the  best  corn-mills  in  this  country',  a  mill-stone  five  feet 
in  diameter  revolves,  at  an  average,  90  times  in  a  minute. 
The  number  of  revolutions  in  a  minute,  therefore,  which  must 
be  assigned  to  mill-stones  of  a  different  size,  may  be  found 
by  diving  450  by  the  diameter  of  the  mill-stone  in  feet. 

The  spindle  c  D,  which  is  commonly  six  feet  long,  may  be  made  either 
of  iron  or  wood.  When  it  is  of  iron,  and  the  weight  of  the  milUstone 
7558  poonds  avoirdupois,  it  is  generally  three  inches  in  diameter;  and 
when  made  of  wood,  it  is  10  or  11  inches  in  diameter.  For  mill-stones  of 
a  di^rent  weight,   the  thickness  of  the  spindle  may  be  found  by  propori 
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tioning  it  to  the  square  root  of  the  mill-stone's  weight,  or  which  is  nearly 
the  same  thing,  to  the  weight  of  the  mill-stone^s  equipage. 

The  greatest  diameter  of  the  pivot  D,  upon  which  the  mill-stone  rests^ 
should  be  proportional  to  the  square  root  of  the  equipage,  a  pivot  half  an 
inch  diameter  being  able  to  support  an  equipage  of  5398  pounds.  In 
most  machines,  the  diameter  of  the  pivots  is  by  far  too  large,  being  capable 
of  supporting  a  much  greater  weight  than  they  are  obliged  to  bear.  The 
friction  is  therefore  increased,  and  the  performance  of  the  machine 
diminished. 

The  bridge-tree,  A  B,  is  generally  from  8  to  10  feet  long,  and  should 
always  be  elastic,  that  it  may  yield  to  the  oscillatory  motion  of  the  mill- 
stone. When  its  length  is  nine  feet,  and  the  weight  of  the  equipage  5182 
pounds,  it  should  be  six  inches  square;  and  when  the  length  remains 
unchanged,  and  the  equipage  varies,  the  tliickness  of  the  bridge-tree  should 
be  proportional  to  the  square  root  of  the  equipage. 

Although  the  mechanisai  of  a  flour-mill  is  exceedingly 
simple,  the  profitable  manii&cture  of  flour  requires  considler- 
able  experience  and  attention.  We  shall  therefore  give  a 
sketch  of  the  points  most  particularly  to  be  attended  to  in 
such  manufacture* 

The  wheats  that  grow  in  £ssex  and  Kent  make  the  best 
flour.  In  choosing  the  wheat  much  attention  should  be  paid 
to  the  thinness  of  the  skin  and  to  its  cleanliness  from  weed. 
Grood  wheat  may  be  known  by  its  weight,  which  should  be 
about  62  pounds  per  Winchester  bushel  of  32  quarts.  Hie 
wheat  to  be  manufactured  into  the  best  flour  should  be 
winnowed. 

The  miller  judges  of  the  quality  of  the  flour  by  feeling  it, 
and  accordingly  as  it  is  too  fine  or  too  coarse  regulates  the 
upper  mill-stone,  or  increases  or  decreases  the  supply  of 
grain.  The  flour  in  grinding  always  acquires  a  slight  warmth, 
and  care  must  be  taken  that  the  warmth  does  not  increase^  or 
the  flour  will  be  permanently  injured. 

The  dressing  of^  the  flour  is  of  great  importance,  and  too 
much  attention  cannot  be  paid  to  it.  The  bran  should  be  in 
large  flakes  and  free  of  flour.  In  grinding  the  best  wheatf?, 
in  the  best  manner,  the  bran  will  amount  to  about  seven 
pounds  per  bushel. 

In  the  process  of  dressing,  the  bran  is  examined  as  a 
criterion  to  know  whether  too  much  flour  be  admitted  upon 
the  machine.  Care  should  be  taken  to  have  the  brush  screwed 
close  to  the  end  of  this  machine. 

French  stones  of  about  four  feet  in  diameter  are  expected 
to  grind  about  five  bushels  per  hour. 

Mr  .Thomas  Fen  wick,  the  author  of  Four  Essays  on  Practical 
Mechanics,  has  made  numerous  experiments  on  some  of 
the  best  mills  for  grinding  com,  m  order  to  form,  by  practical 
observation,  a  set  of  tables  illustrative  of  the  effect  oi  a  given 
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foaBtity  of  water,  in  a  given  time,  applied  to  an  overshot^ 
wheel  of  a  pyen  size* 

The  quantity  of  water  expended  on  the  wheel  was  measured 
with  great  exactness ;  the  corn  used  was  in  a  medium  state 
of  dryness;  the  mills,  in  all  their  parts,  were  in  a  medium 
woridng  state;  the  mill-stones,  making  from  90  to  100 
revolutions  per  minute,  were  from  4^  to  5  feet  m  diameter. 

The  result  of  the  experiments  was,  jth^t  the  power  requisite 
to  raise  a  weight  of  300  pounds  avoirdupois,  with  a  v^ocity 
of  190  feet  per  minute,  would  g^d  one  boll  of  good  rye  in 
one  hour ;  but  for  the  sake  of  making  the  following  tables 
hold  in  practice,  where  imperfection  of  construption  exists 
in  some  small  degree,  he  took  it  at  300  pounds  ndsed  with 
a  velocity  of  210  feet  per  minute,  (being  iVth  more,)  and 
for  grinding  two,  three,  four,  or  five  bolls  per  hour,  requires 
fL  power  equal  to  that  which  could  raise  300  pounds  with 
the  velocity  of  360, 506,  677j  or  865  feet  per  minute  respec- 
tively. The  difference  of  the  power  requisite  to  grind  equal 
quantities  of  wheat  to  that  for  rye  will  be  very  trifling. 

To  enable  the  young  mechanist  to  understand  the  applica-r 
tion  of  his  principles,  he  adds,  as  an  illustration,  that  that 
number  of  horses,  or  other  applied  power,  which,  by  means 
of  a  rope  (considered  as  without  weight)  passing  over  a 
single  pulley  placed  over  the  mouth  of  a  pit  or  well,  can 
raise  out  of  it  a  load  of  300  pounds  avoirdupois,  at  the  rate 
of  210  feet  per  minute,  will  be  sufficient  to  grind  one  boll  of 
com  per  hour;  and  that  a  power  which,  in  similar  ciroum- 
stances,  can  raise  the  same  weight  of  300  pounds  with  a 
velocity  of  350  feet  per  minute,  will  be  able  to  grind  two 
bolls  of  com  per  hour,  and  so  on. 

Having  made  some  experiments  to  ascertain  the  friction 
of  a  mill,  when  going  with  velocity  sufficient  to  grind  two 
bolls  of  com  per  hour,  he  relates  the  manner  in  which  he 
made  them,  l£at  the  reader  may  be  able  to  judge  of  the 
accuracy  of  his  deductions. 

The  mill  was  pa^e  quite  clear  of  com,  and  the  upper 
nuU-stone  raised  so  that  it  would  touch  as  little  as  possible 
on  the  under  stone  in  its  revolutions;  then  such  a  quantity 
of  water  was  admitted  to  flow  on  the  water-wheel,  as  to  give 
the  mill,  when  empty,  the  same  velocity  it  had  when  grin^ng 
com  at  the  rate  of  two  bolls  per  hour,  which  quantity  of 
water  was  sufficient  to  ndse  a  load  of  300  pounds  vritb 
a  velocity  of  100  feet  per  minute,  which  was  therefore  con- 
sidered by  him  as  the  measure  of  tiie  friction.  Now  as  the 
jaower  requisite  to  grind  two  bolls  of  com  per  hour,  including 
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the  firiction  of  the  mill,  is  eqaal  to  that  which  can  raise 
a  weight  of  300  pounds  with  a  velocity  of  350  feet  per 
minute,  and  the  fnction  of  the  moving  puts  of  the  mill  is 
equal  to  a  power  which  would  raise  300  pounds  with  a 
velocity  of  lOO  feet  per  minute ;  therefore  the  difference  of 
the  two,  which  is  900  pounds  raised  with  the  velocity  of 
250  feet  per  minute,  is  equal  to  the  power  employed  in  the 
actual  grinding  of  the  com,  which  is  about  two-thirds  of  the 
whole. 

The  power  equal  to  raise  a  weight  of  300  pounds  avoir* 
dupois,  with  a  vdodty  of  390  feet  per  minute,  will  prepare 
properly  one  ton  of  old  rope  per  week,  for  the  purpose  of 
middng  paper:  and,  for  preparing  in  like  manner,  two  tons 
of  the  same  kind  ^  materials  per  we^,  requires  a  power 
espial  to  nise  300  pounds  with  a  velocity  of  525  feet  per 
minute,  tlie  mill  woiUng  bom  10  to  12  hours  per  day. 


T^aUes,  showing  the  mientity  of  water  fale  meamre)  re- 
quisite to  grind  different  quantities  oj  com,  from  one 
to  five  holts  (Winchester  measure)  per  hour,  applied  an 
overshot  water-wheels  from  10  to  3z  feet  diameter ;  also 
the  size  of  the  cylinder  of  the  common  steam-engir^e  to 
do  the  same  work. 


The  water-wheel,  10  feet 

Tlie  water-wheel,  11  feet  ] 

diameter. 

diameter. 

Bolbof 

QotEtityof 

Diameter  of 

Boll*  of 

Qaantily  of 

Diameter  «f 

corn 

gtOUDd 

water  requi- 
site, m  ale 

the  ejlinder  of 
a  steam-engine 

con 
grotand 

water  rcqui- 
■ite,  IB  ale 

the  c>iiBder  of 
a  steam-engine 

J^ 

gallons,  per 

to  do  the  lame 

Jf" 

gaUoia,per 

to  do  the  same 

Uur. 

■Hiiaie, 

wok,  iniadiei. 

bow. 

niaate. 

woikiiaiiicbe*. 

1 

786 

12-& 

1 

706 

12-5 

u 

1056 

14-6 

H 

945 

14-6 

2 

1341 

16-76 

2 

1188 

16-76 

3| 

1617 

1»5 

24 

1464 

18-6 

3 

1894 

20-2 

3 

1723 

20-2 

34 

2220 

21-76 

34 

2014 

21-76 

4 

2M1 

23-25 

4 

2306 

23-25 

^ 

2891 

24-76 

44 

2626 

24-75 

5 

3242 

96-26 

6 

2944 

26-25 
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The 

water-wheel,  J2.  feet 

The  water-wheel,  14  feet 

&meter. 

diameter. 

Boiia  d 

Quantity  of 

Diameter  of 

BoUsol 

Quanlity  of     Diameter  of 

oom 

water  nqni- 

tbacyliaderof 

com 

water  requi-the  CTlinder  ofl 

ground 

tile,  ia  ale 

a  (team-aogiae 

grouDd 

site,  in  de 

a  steam-engine 

per 

gaUoiw,par 

to  do  tlu  same 

P« 

gallons,  per 

to  do  the  same 

hour. 

muiQte 

work,  in  inches. 

iMHir. 

mimte. 

work,  in  inches. 

I 

655 

12-5 

1 

564 

12-5 

\k 

873 

14-6 

u 

740 

14-6 

2 

1091 

16-75 

2 

927 

16-75 

a* 

1343 

18-5 

H 

1140 

18-5 

3 

1576 

20-2 

3 

1353 

20-2 

3| 

1840 

21-75 

3i 

1583 

21-75 

4 

21J7 

23-25 

4 

1811 

23-25 

^ 

2408          24-7& 

44 

2060 

24-75 

5 

2700          26-2& 

5 

2306 

26-25 

The  ^ 

trater-wheel,  13  feet 

The  water-wheel,  15  feet 

diaoMtn 

diiuneter. 

Water, 

pUansper 

Btiiuite. 

Cylinder,  in 
inches. 

"  O0il5( 
UOUTi 

•    Water, 
gallons  per 
minute. 

Cylinder,  in 
inches. 

1 

606 

12-& 

1^ 

68& 

12-6 

H 

806 

1      14-6 

U 

710 

14-6 

2 

1009 

^      16-75 

2 

894 

16-75 

21 

1234 

18-5 

2* 

1090 

;     18-5 

3 

1458 

[     20-2 

3 

1290 

20-2 

3t 

1705 

,     21-7* 

3i 

1503 

•      21-75 

4 

1952 

23-25 

4 

.1717 

23-25 

H 

2223 

24-75 

^ 

:    1967 

24-75 

b 

2494 

1     26-25 

St 

.   2211 

26-26 
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The  water-wheel,  24  feet 

The  water-wheel,  26  feetH 

diameter. 

Bolb  ol 

Qu«a%of 

Diameter  ot 

Bolb  0 

f  Quantity  of 

Diameter  of 

com 
ground 

water  raqui- 
lite,  inak 

the  cylinder  of 
a  fteam-engine 

com 
ground 

water  requi- 
nte,  in  de 

the  cylinder  of 
a  steam-engine 

tool. 

gallons,  per 

todo  theiame 

P" 

ga]loni,per 

to  do  the  same 

minnte. 

work,  in  inche*. 

hour. 

minute. 

work,  in  inches. 

1 

327 

12-5 

1 

303 

12-5 

u 

436 

14-6 

14 

408 

14-6 

a 

545 

16-75 

2 

504 

16-75 

2i 

671 

185 

24 

617 

18-5 

3 

.     788 

20-2 

3 

730 

20-2 

3* 

920 

21  -76 

34 

852 

21-75 

4 

1050 

23-25 

4 

976 

23-25 

^ 

1204 

24-75 

44 

nil 

i      24-75 

5 

1350 

2a25 

5 

1247 

26-25 

The  WBtcr-whed,  25  feek 

The  vator-wheel,  27  fieet 

diameter. 

diameter.               1 

BolU, 

Water, 
gaBoo*  pet 

fDIQUte* 

CrliD4ce,iB 
iacfaei> 

Boll., 
hour. 

Water. 

galUnaper 

muiiite. 

Cylinder,  ia 
iadtes. 

1 

316 

12- 5 

1 

293 

12-5 

Ik 

418 

14-6 

H 

385 

14-6 

2 

520 

16-76 

2 

482 

16-75 

24 

635 

18-& 

24 

598 

18-5 

3 

752 

20-2 

3 

708 

20-2 

34 

876 

21-75 

34 

822 

21-75 

4 

985 

2S'2S 

4 

940 

23-25 

44 

1150 

24-75 

44 

1070 

24-75 

5 

1300 

26-25 

5 

1200 

26-25 
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The  water-wheel,  28  feet 

The  water-wheel,  30  fett   I 

diameter. 

diameter.                [ 

1 

Bolls  of 

Qoantity  of 

Diameter  of 

Bolls  of 

Quantity  of 

Diameter  of 

oorn 

water  reqm- 

tbe  cylinder  of 

corn 

water  requi- 
lite,  in  ale 

the  cylinder  of 

groQnd 

site,  in  al< 

a  steam-engine 

groond 

a  steam-engine 

V 

gidIoiis,per 

to  do  the  same 

hoar. 

gallons,  per 

to  do  the  same 

Ui. 

nuovtCa 

wori,  in  inches. 

miuttte. 

woik,  w  inches. 

1 

282 

12-5 

I 

267 

12-5 

u 

370 

14-6 

u 

355 

14-6 

2 

463 

16-75 

2 

447 

16-75 

2i 

570 

18>5 

24 

545 

18-5 

3 

676 

20-2 

3 

645 

20-2. 

3i 

791 

21-75 

34 

750 

21-75 

4 

905 

23^ 

4 

858 

23-25 

4i 

1030 

2475 

44 

983 

24-75 

5         11S3 

26^ 

5 

1106 

26-25 

The  water-wheel,  29  feet 

The  water-wheel,  31  feet 

£ameter. 

diameter. 

BoBi, 

Wata. 

giUoo*  per 

Cylinder,  in 

Boils, 
J** 

Water, 
gallons  per 

Cylinder,  in 
inches. 

hov. 

mnrata. 

hour. 

minute. 

1 

274 

12-5 

1 

256 

12-5 

H 

363 

146 

H 

340 

14-6 

2 

455 

16-75 

2 

426 

16-75 

2i 

557 

18-5 

24 

520 

18-6 

3 

660 

20-2 

3 

620 

20-2 

34 

770 

21-75 

34 

717 

21-75 

4 

880 

23-25 

4 

827 

2325 

4i 

1005 

24-75 

44 

940 

24-75 

5 

1130 

26-25 

5 

1058 

26-25     , 
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The 
*3f 

wnter-whed^  32  feet 

diameter. 

BolUot 

Quantity  of     Dumeterof 

com 
ground 

water  requi- 
•ite,  in  ale 

the  cyliadet  of 
a  iteam-engiiie 

per 

gallons,  per 

to  do  the  nine 

hour. 

minute. 

woik,  in  incbe*. 

1 

245 

12-5 

u 

325 

14*6 

2 

406 

16-75 

2i 

496 

18-5 

3 

588 

20-2 

3i 

690 

21-75 

4 

791 

23-25 

44 

900 

24-76 

' 

1012 

26-25 

To  make  the  foregoing  tables  applicable  to  mills  intended 
to  be  turned  by  undershot  or  breast  water-wheels:  from 
Smeaton's  experiments  it  appears  that  the  power  required 
on  an  undershot,  water-wheel,  to  produce  an  efiect  equal  to 
that  of  an  overshot  (to  which  the  tables  are  applicable,)  is  as 
2*4  to  one  ;  and  also  the  power  required  on  a  breast  water- 
wheel,  which  receives  the  water  on  some  point  of  its  circum- 
ference, and  afterwards  descends  on  the  ladle  boards,  to 
produce  an  equal  effect  with  an  overshot  water-whed,  is  as 
JfStol. 
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A  Tkihlej  showing  the  necessary  size  of  the  cylinder  of  the 
common  steam-engine  to  grind  different  quantities  of 
corfi,  from  I  to  12  bolls  (A  to  48  bushels  Winchester 
mectsure)  per  hour. 


Bolb  of 

Diameter  of 

corn 

the  cylinder  of 

gioond 

a  fteam-engine 

boor. 

to  do  the  lame 

#ark,  in  inchei. 

I 

12-5 

u 

14-6 

2 

16-75 

2i 

18-6 

3 

20-2 

3i 

21-75 

4 

23-25 

4i 

24-75 

5 

26-25 

b\ 

27-25 

6 

28-1 

6i 

29- 

7 

29-8 

7i 

31-1 

8 

32- 

8i 

33-3 

9 

34-2 

9i 

35-2 

10 

36- 

lOi 

37-3 

11 

38- 

iH 

38-85 

12 

39-5 

N.B.  This  table  will  be  applicable  to  any  improved 
steam-engine,  as  well  as  that  of  the  common  kind,  if  the  ratio 
of  their  ^cacies  be  known. 

APPLICATTON  OF  THE  TABLES. 

£xAXPLc  I. — If  a  stream  of  water,  producing  806  gattane,  ok  meaeure, 
per  minute,  can  be  applied  to  an  overshot  water-wheel  20  feet  diameterj 
what  quantity  of  com  wiU  it  be  able  to  grind  per  hour  f 
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Look  in  the  tables  under  a  20  feet  water-wheel,  and  opposite  808  gallont 
will  he-ibmid  21  bolls  of  com  ground  per  hour. 

ExAMFLB  Jl. — Jfa  ttream  of  water  ^odiieing  808  gaUofu,  akmeamref 
per  wnuUf  can  be  appUed  to  an  underehot  water-wkeel  20  feet  diameter, 
what  yuantUjf  of  com  can  it  grind  per  hour  ^ 

It  IS  found  by  the  tables,  that,  if  applied  on  an  oyeishot  water-4«faeel 
30  feet  diameter,  the  stream  wiU  grina  2§  boUs  per  hour;  and  firom 
page  156,  the  power  required  hj  the  undershot  to  that  of  the  overshot 
itater-wheel,  to  produce  an  eqiud  effect,  is  as  2-4  to  1 ;  therefore,  as 
8*4  :  1  :  2*5  :  1*04  bolls  of  com  ground  per  hour  by  means  of  the  stream. 

Example  III. — Ifastreamafwatar,  producing  808  gaUone,  ale  measure, 
per  minute,  can  be  appUed  on  a  breast  water-wheel  20  feet  diameter,  what 
jwofifify  of  com  can  it  grind  per  hoar^ 

It  is  found  by  the  tables,  that,  if  applied  to  an  overshot  water-wheel  of 
equal  size,  2§  bolls  of  com  will  be  ground  per  hour;  and  from  page  156, 
the  power  of  a  breast  water-whsdl  to  that  of  an  overshot  water-wheel,  to 
proauce  an  equal  effect,  is  as  t'76  to  1 ;  therefore,  as  1*75  : 1  :  :  2*5  :  1*42 
bolls  of  com  Abound  per  hour  by  the  stream. 

Example  IV. — Of  what  diameter  must  the  oflinder  of  a  common  steam- 
engine  be  made,  to  grind  10  boUs  of  com  per  hour  ? 

By  looking  on  Sie  table,  page  157,  opposite  10  bolls  ground  per  hour, 
the  diameter  of  the  steam  cylindkrwill  be  mnd  to  be  36  inches. 

FAMILY  MILL   AND   BOLTER. 

As  a  family  mill  and  boHer  cannot  but  be  hij^Iy  useftd  in 
many  situations,  we  shall  give  a  description  of  one  or  two, 
beginning  with  that  inrent^  by  Mr.  T.  Kustall,  of  Purbrook- 
heath,  near  Portsmouth,  who  I'eceived  a  premium  of  forty 
guineas  from  the  Society  of  Arts  for  his  invention. 

In  fig.  157,  A  is  the  handle  of  the  mill ;  B  one  of  the  mill-stones, 
which  is  about  30  inches  in  diameter,  and  five  inches  in  thickness,  moving 
with  its  axis  C ;  D  is  the  other  mill-stone,  which,  when  in  use,  is  stationaiy  ; 
but  which  may  be  placed  near  to  or  at  a  distance  from  the  movable  stone 
B,  by  means  of  three  screws  passing  through  the  wooden  block  £,  that 
supports  one  end  of  the  axis  C,  after  it  has  been  put  through  a  hole  or 
pertoration  in  the-bed  stone.  The  grain  likewise  passes  Uirough  this 
perforation,  from  the  hopper  F,  into  the  mill.  F  represents  the  hopper, 
which  is  agitated  by  two  iron  pins  on  the  axis  C,  that  alternately  raise  the 
vessel  containing  the  grain,  which  again  sinks  bv  its  own  weight.  In 
consequence  of  this  motion  the  com  is  conveyed  through  a  spout  that 
passes  from  such  hopper  into  the  centre  of  the  mill  behind,  and  through 
the  bed>stone  D.  d,  a  paddle,  regulating  the  quantity  of  com  to  be 
delivered  to  the  mill,  and  oy  raising  or  lowering  which,  a  larger  or  smaller 
proportion  of  grain  may  be  furnish^;  H,  the  receptacle  for  the  flour,  into 
which  it  &lls  mm  the  mill-stones,  when  ground ;  I  represents  one  of  the 
wooden  supporters  on  which  the  bed-stone,  D,  rests.  These  are  screwed 
to  the  block  £,  and  likewise  mortised  into  the  lower  frame-work  of  the 
roiU  at  K,  which  is  connected  by  means  of  the  pins  or  wedges,  L,  L,  L, 
that  admit  the  whole  mill  to  be  easily  taken  to  pieces;  M,  a  fly-wheel, 
placed  at  the  fiirthest  extremity  of  the  axis  C,  and  on  which  another  handle 
may  be  oecasionally  fixed ;  N,  a  small  rail,  serving  to  keep  the  hopper  m  its 
place,  the  furthest  part  of  such  hopper  resting  on  a  small  pm,  which 
admits  of  sufficient  motion  for  that  vessel  to  sSbake  forward  the  corn ;  O, 
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a  9fmt-nSlf  for  strengtheiuDg  tlie  frame-work  of  tLe  mill ;  P,  the  tent 
upngbt,  that  is  moitiaed  into  tbe  frame-work,  and  serves  as  a  rest  for  the 
end  of  the  iron  axis  C,  which  is  next  to  the  handle.  On  each  extremity 
of  such  axis  there  is  a  shoulder^  which  keeps  it  steady  in  its  place.  Lastly^ 
there  is  a  dodi  hood  fixed  to  a  broad  wooden  hoop,  which  is  placed  over 
tlie  ftoBet  while  woilciiigy  to  prevent  tke  finer  particles  of  flour  from 
escaping. 

Fig.  158  represents  the  bolter,  vrith  its  front  removed,  in  order  to  display 
its  interior  structure ;  the  machine  being  3  feet  10  inches  in  length,  and 
19f  indies  in  breadth,  and  18  inches  in  depth.  A  is  a  movable  partition, 
sliding  about  fan  foet  badcwords  or  forwards  from  the  centre  of  the  box, 
nipott  tsro  wooden  nba,  wiiidi  me  fined  to^  the  hack  and  frmn  of  the  hooi, 
and  ou  of  wiuch  is  ddineated  at  the  letter  B;  C,  the  lid  of  the  bolter, 
lepnsented  open ;  D,  a  slider,  which  is  movable  in  a  groove  made  in  the 
lid,  by  naeans  of  two  handles  in  the  baek  of  such  lid  ;  £,  a  forked  iron,  fixed 
in  the  slider  D,  amd  which,  when  the  lid  is 'shut,  takes  hold  of  the  aieve  F, 
and  moves  k  baokwuds  and  forwards  on  the  wooden  rihs  B,  aocordtng  to 
the  agitation  of  the  fliider;  G  represents  a  fixed  partition  in  the  lower  cenire 
of  the  box»  which  it  di^ea  into  two  parts,  m  order  to  separate  the  fine 
from  the  coarse  fiour;  from  this  partition  the  slider  A  moves  each  way 
about  four  inches,  and  thus  affords  room  for  working  the  sieve;  H,  a  boara 
that  IB  parallel  to  the  bottom  of  die  bolter,  and  forms  part  of  the  slider  A  ; 
this  hoard  serves  to  pneveot  iuj  of  the  jifUd  matter  from  frdliag  into  the 
other  partition;  I  lepiesents  two  of  the  back  foet  which  support  the 
bolter. 

Fig.  159  is  a  view  of  the  top  or  upper  part  of  the  lid  of  the  bolter;  R 
the  slider  that  moves  the  lengtkvnse  of  the  bolter ;  LL  the  handles  hw 
whioh  the  slider  is  worked ;  M,  a  screw,  serving  to  hold  the  fook,  whidk 
imparls  motion  to  the  sieve. 

Fig.  160  represents  the  forked  iron,  £,  separately  from  the  lid. 

Both  the  mQl  and  bolter  may  be  constnicted  at  a  moderate 
cicpeiiae,  and  tbey  occupy  only  a  small  space  of  ground. 
The  former  mav  even  be  woriced  in  a  public  kitchen^  or 
withm  a  room  m  a  fJEom-houee^  without  occasioning  any 
great  encumbrance. 

Hie  particular  excellence  of  this  mill  consists  in  this  cir- 
cnuMtance,  that,  from  the  vertical  position  of  its  stones^  it 
may  be  put  in  action  without  the  intervention  of  cogs  or 
wheels.  It  may  be  employed  in  the  grinding  of  malt,  the 
1)rui8ing  of  oats  for  horses,  and  for  making  flour,  or  for  all 
these  purposes :  it  likewise  may  be  easily  altered,  so  as  to 
griud  either  of  those  articles  to  a  greater  or  less  degree  of 
fineness. 

Another  advantage  peculiar  to  Mr.  Rustall's  contrivance 
is^  that  one  man  is  sufficient  to  work  it;  though,  if  two 
persons,  namely,  a  man  and  a  bovj  be  employed,  diey  will 
be  able  to  produce,  in  the  course  of  two  hours,  a  quantity  of 
llotnr  sufteient  to  serve  a  family,  consisting  of  six  or  eight 
persons,  for  a  whole  week: — ^repeated  satisfactoiy  trials  have 
proved  that  this  mill  grinds  the  com  completely^  and  at  the 
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rate  of  one  bushel  of  wheat  within  the  hour.  Besides,  tlie 
industrious  farmer  will  thus  be  enabled  to  make  comparative 
experiments  on  the  quality  of  his  grain,  and  may  furnish 
himself,  at  a  trifling  expense,  with  flour  from  his  own  wheat, 
without  apprehenmng  any  adulteration,  or  without  being 
exposed  to  the  impositions  or  caprice  of  fraudulent  and 
avaricious  millers. 

Lastly,  though  Mr.  Rusiall's  bolter  be  more  particularly 
calculated  for  sifting  flour,  it  may  also  be  applied  to  various^ 
other  useful  purposes,  and  especially  with  a  view  to  obviate 
the  inconveniences  necessarily  attendant  on  the  levigation  of 
noxious  substances,  and  to  prevent  the  waste  of  tibeir  finer 
particles. 

In  order  to  reduce  the  labour  in  griiic&ng,  and  to  adjust 
the  power  to  the  acquired  force,  and  also  to  simplify  mill- 
making  and  grinding,  and  to  reduce  the  expense  attendant 
upon  them,  so  as  to  enable  the  farmer  and  housekeeper  to 
be  independent  of  tie  miller's  system  of  grinding^  Mr.  George 
Smart,  of  the  Ordnance-wharf,  Westminster-bridge,  in  April 
1814,  obtained  a  patent  for  certain  improvements  in  machinery 
for  grinding  com,  and  various  other  articles,  by  means  of 
which  every  article  required  to  be  broke  or  ground  is  exposed  to 
the  application  of  rubbers  or  crushers,  resting  on  their  fulcrums, 
and  pressed  against  the  revolving  body  by  means  of  levers, 
weights,  or  springs.  The  rubbers,  or  crushers,  each  acting 
on  a  separate  axle,  will  admit  of  any  irregular  surface,  from 
a  square  to  a  circle,  to  revolve  against  them^  as  each  can 
be  loaded  more  or  less,  by  moving  the  weights  on  the  levers 
fiirther  from,  or  nearer  to,  the  fulcrum  >  or,  if  with  springs, 
by  screwing  them  more  or  less  down.  The  rubbers  or 
crushers  may  be  plain,  gi*ooved,  circular  sided,  concave^  or 
any  other  figure  best  adapted  for  the  substance  to  be  broke 
or  ground.  The  square  or  octagon  are  best  adapted  for 
breaking  cement-stones,  bones  for  manure,  chalk,  mixing 
clay,  mortar,  &c.  For  breaking  malt,  beans,  &c.  one  crasher 
only  is  wanted;  but  for  wheat,  oats,  barley,  rice,  or  any 
flour,  or  meal,  the  more  rubbers  or  crushers  the.  finer  the 
article  will  be  ground;  and  the  more  flats  there  are  on  the 
revolving  body,  the  more  crushers  can  be  applied  to  advantage. 

HAND-MILLS 

Are  most  commonly  used  in  grinding  coffee  and  spices ; 
but  they  are  sometimes  made  of  a  larger  size,  and  used  to 
grind  wheat,  malt,  &c. ;  in  such  cases  the  hand  is  generaUy 
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Applied  to  a  winch  handle.  In  Bockler's  Theairum  Ma-* 
chmarum  there  is  a  description  of  a  mill,  in  which  the  eflFort 
of  a  man  is  applied  to  a  lever  moving  to  and  fro  horizontally, 
nearly  as  in  the  action  of  rowing :  as  this  is  a  very  advan- 
tageous method  of  applying  humaa  strength,  the  effort  being 
greatly  assisted  by  ike  heaviness  of  the  man  in  leaning 
back,  we  shall  give  a  brief  description  of  it. 

It  is  represented  in  fig.  161.  The  vertical  shaft  £  G  carries  a  toothed 
wheel  C^  and  a  solid  wheel  F;  the  latter  being  intended  to  operate  as  a 
r^gulatii^  Hy.  Upon  the  crank  AB  hangs  one  end  of  an  iron  I^  the 
other  end  of  which  hangs  upon  the  lever  H  K,  the  motion  being  pretty  free 
at  both  ends  of  this  bar  I.  One  end  of  the  lever  H  K  hangs  upon  the  fixed 
Hook  K,  about  which,  as  a  centre  of  motion,  it  turns.  Then,  while  a  man, 
by  pulling  at  the  lever  H  K,  moves  the  extremity  H  from  H  to  N,  the  bar 
I  acting  upon  the  crank  A  B  gives  to  the  wheels  C  and  F  half  a  rotation; 
and  the  momentum  they  have  acquired  will  canr  them  on,  the  man  at  the 
lever  suffering  it  to  turn  back  from  N  to  H,  while  the  other  half  of  Uie  rota- 
tion of  the  wneds  is  completed.  In  like  manner  another  sufficient  pull 
at  the  lever  H  R  gives  another  rotation  to  the  wheel  C,  and  so  on,  at 
pleasure.  The  wheel  C  turns  by  iu  teeth  the  trundle  D,  the  spindle  of 
which  carries  the  upper  miU-stoue,  just  as  the  spindle  D  carries  round  the 
upper  mill-stone  in  fig  156.  In  this  mill  the  nearer  the  end  of  the  bar  I  upon 
the  lever  H  K  is  to  the  fixed  book  K,  the  easier,  cmterii  paribw,  will  the 
man  work  the  mill.  If  the  number  of  teeth  in  ihe  wheel  C  be  six  times 
the  number  of  cogs  in  the  trundle  D,  then  the  labourer,  by  making  ten 
pulls  at  the  lever  H  in  a  minute,  will  give  sixty  revelations  to  the  upper  mill* 
stone  in  the  same  space  of  time. 

In  the  Transactions  of  the  Society  of  Arts^  may  be  seen 
a  description  of  a  miU^  invented  by  Mr.  Gamett  Teny^ 
of  the  City-road^  for  grinding  hard  substances,  by  means 
of  a  whed  turning  upon  a  horizontal  axis  instead  of  a 
Tertical  cme,  as  in  the  common  construction.   See  fig.  16S2. 

TBS  FOOT-MILL 

Is  used  for  grinding  com  or  any  other  substance^  moved 
by  the  pressure  of  the  feet  of  men  or  oxen.  A  judicious 
construction  of  the  foot-mill  is  given  in  G.  A.  6ockler's 
Tbeatrum  Jfachinarum. 

This  mill  is  represented  in  fig.  163.  A  is  an  inclined  wheel,  which  is 
turned  by  the  weight  of  a  man,  and  the  impulsive  force  of  his  ftet  while 
he  supports  himself,  or  occasionally  pushes  with  his  hands  at  the  horizontal 
bar  H.  The  fiice  of  this  wheel  has  thin  pieces  of  wood  nailed  upon  it  at 
proper  distances,  to  keep  the  feet  of  the  man  from  slipping  while  he  pnthes 
the  wheel  round :  and  the  under  side  has  projecting  teeSi  or  waves  whidi 
catch  into  the  cogs  of  the  trundle  B,  and  by  that  means  turn  the  horizontal 
shaft  G  with  the  wheel  C :  this  latter  wheel  turns  the  trundle  D,  the  axle 
of  vrfaicfa  carries  the  upper  mill-stone  £.  This  kind  of  foot-mill  will 
ans%rer  extremely  well  to  grind  malt,  &c.  when  no  very  great  power  is 
required. 

M 
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KN£ADING-MILL. 


The  bunneM  of  grinding  and  baking  is  in  one  «enee  fto 
closely  connected,  that  we  shall  in  this  place  present  a 
description  of  the  kneading-mill ;  which  is  meai^  to  do  wtmj 
with  that  disgustmg  practice  among  bakeis  of  kneading  the 
dough  with  dieir  bare  feet.  It  would  be  wdJ  if  the  legisla- 
ture paid  some  attention  to  this,  which  is  still  carried  on  ia 
some  parts  of  the  metropolis,  and  particularly  in  the  kneadta^ 
of  dough  for  biscuits. 

In  tike  public  baking-houses  of  Genoa  a  machine  is  used 
which  produces  a  great  saving  of  time  and  labour.  It  was 
first  described  in  the  AiH  della  Soviet  a  PatrioHc^tdiMUano, 
Tol.  ii. 

A,  in  fig.  164,  is  aframe  of  wood  wUch  supports  the  axis  of  tlieBiacihi«e : 
a  wall  14  palms  high  Urom  tbe  groimd  ms^  be  made  use  of  instead  o£ 
&is  frame.  B,  a  wall,  3i  palms  thick,  through  which  the  ain-esaid  axis 
passes.  C,  another  wall,  similar  to  the  former,  and  facing  it  at  the  distaiMae 
of  21  palms.  D,  the  axis,  30  palms  in  lensth,  and  one  palm  and  oivMhird 
in  thickness.  £,  tbe  great  wheel,  fixed  to  the  4aid  axis,  between  the  frame 
and  the  wall ;  its  diameter  is  28  palms ;  and  its  breadtli,  which  is  capable  of 
holding  two  men  occasionally,  is  Ave  palms.  F,  are  steps,  by  trea4iAg  on 
which,  the  men  turn  the  wheel  very  smartly ;  they  are  two  palms  distant 
from  each  other,  and  one-third  of  a  palm  in  height.  G,  a  small  wheel  with 
cogs,  fixed  almost  at  the  further  extremity  of  the  axis :  its  diameter  is' 
I2I  palms.  H,  a  beam  of  wood  which  extends  firom  one  wall  to  the  other, 
being  21  palms  in  length,  and  one  and  a  third  in  thickness.  A  similar  beam, 
tiot  seen  in  the  figure,  is  on  the  opposite  side  of  the  axis.  I,  a  trtnsreise 
piece  of  wood,  placed  near  the  wall  C ;  it  is  fixed  into-the  two  beamsi  Bad 
serves  to  support  the  further  extremity  of  the  axis;  its  length  is  14  pahns, 
and  its  thickness  one  and  a  third :  there  is  likewise  a  transverse  piece  (which 
cannot  be  seen  in  the  figure)  14  palms  long,  and  half  a  palm  uick,  placed 
close  to  the  wall  B.  K  is  a  strong  curved  piece  of  oak,  fixed  transversely 
in  the  side  beams  H,  to  receive  the  axis  of  the  trundle:  its  length  is  14 
palms,  and  its  thickness  1^.  L  is  a  trundle  of  5§  pafans  ib  diameter, 
aad  1:^  in  height,  which  is  moved  by  the  cog-^heel  G.  M  is  a  trundle 
proceeding  from  the  trundle  L,  and  continued  through  the  cross  N  to  the 
bottom  of  the  tub  P;  its  centre  is  made  of  iron,  partly  square  and  paxtly 
round,  and  it  turns  in  a  socket  of  brass.  The  first  part  of  this  axis  between 
the  trundle  h  and  the  cross  N  is  of  square  iron,  surrounded  by  two  pieces 
of  wood,  held  together  by  iron  hoops,  which  may  be  removed  at  pleasure 
to  examine  the  iron  within ;  its  length  is  three  palms,  its  diameter  abotut 
one  palm.  The  second  part  of  the  axis  which  is  within  the  tube,  is  made 
like  the  first  part;  its  length  is  1^  palm,  its  diameter  1^.  Tlie  wooden 
sheath  of  this  part  of  the  axis  is  fixed  to  the  bottom  of  the  tub,  by  the  mean^ 
of  three  screws  with  their  nuts.  This  axis  is  distant  one-third  of  a  pahm 
from  the  nearest  triangular  beater  of  the  cross.  N,  the  cross,  formed  of  two 
bars  of  wood  unequally  divided,  so  that  the  four  arms  of  the  cross  atre  of 
different  lengths  :  one  of  the  two  pieces  of  wood  of  which  the  cross  is  made, 
is  six  palms  in  length,  the  other  five ;  their  thickness  is  ^^  of  a  palm. 
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imd  their  breadth  one  palm.  O,  four  pieces  of  wood,  called  beateriy  of  a 
triangular  shape,  fixed  vertically  into  the  extremities  of,  and  underneath, 
the  aims  of  the  fore-mentioned  cross ;  thev  are  1^  palm  in  length,  and  half 
a  -psHm  in  thickness,  and  beat  or  knead  the  dougn  in  the  tub  at  unequal 
distances  from  the  centre.  P  it  a  stout  wooden  tub,  about  a  auarier  of  a 
p^m  thick,  well  hooped  with  iron ;  its  diameter  is  six  palms,  its.  height  X^  in 
the  'dear.  Fig.  165  is  a  box  or  trough  of  wood,  tour  pains  long,  and 
three  wide,  in  which  the  tearen  is  formed  (in  about  an  hour)  in  a  stove,  and 
in  which  it  is  afterwaids  lanied  to  the  tub  P.  Fig.  16tf  eschikits  a  view  of 
the  trundle,  cross,  &c.  with  a  section  of  the  tub^  Fig.  1 67  is  i^  bsBd'8-«ve  yytw 
of  the  cross  and  tub,  with  the  upper  ends  of  the  triangular  beaters.  This  tu]b 
P  will  contain  about  18  rubbi  (about  19  bushels)  of  floux,  which  is  carried 
to  it  in  barrels :  the  leaven  is  then  carried  to  it  in  the  box  or  trou^,  and 
when  the  whole  is  tempered  with  a  proper  quantity  of  warm  watev,  the 
men  work  in  the  wheel  till  the  dough  is  properly  and  completely  kneaded. 
In  general  a  quarter  of  an  hour  is  sufficiei^t  to  make  verv  good  dough;  but 
an  experienced  baker,  who  superintends,  determines  that  the  operation 
shall  be  continued  a  few  minutes  more  or  less,  according  to  circumstances. 

The  measures  in  the  preceding  description  are  given  in 
Genoese*  palms,  each  of  which  is  very  nearly  equal  to  9.85 
of  our  inches.  The  iqachinery  may  he  varied  m  its  confitruc- 
tion  according  to  circumstances,  and  the  eaergy  of  the  first 
mover  much  better  applied  than  by  men  walking  in  a  common 
wheel. 

In  November,  1811,  a  patent  waa  granted  to  Mr.  Joseph 
Baker,  navy  contractor,  for  a  method  of  kneading  dough  by 
means  of  machinery.  The  invention  consists  in  having  an 
upright  shaft,  tummg  on  «  pivot,  fixed  in  the  centre  of  a 
circmar  trough,  so  th^  the  dough  placed  in  such  trough  may 
be  kneaded  by  ^  stone  or  iron  roller,  on  its  edge,  passing 
over  it  in  a  rotatory  motion,  being  fixed  at  a  due  distance  by 
an  horizonliil  bar  or  axle  to  the  shaft,  which  is  to  be  turned 
by  means  of  one  or  more  other  horizontal  bars  likewise  fixed 
thereto,  aivd  worked  like  a  capstan  by  a  proportionate  number 
of  bipeds  or  quadrupeds,  such  horizontal  bars  having  small 
shares  fixed  to  them,  so  as  to  run  in  the  trough,  and,  acting 
like  a  plough,  cause  the  dough  to  present  fresh  surfaces  for 
each  successive  revolution. 

Independent  of  the  methods  above  quoted,  many  others 
might  easily  be  adapted,  to  do  away  with  the  filthy  practice 
to  which  we  have  alluded. 
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THE  STEAM-ENGINE. 

The  most  prominent  feature  in  modern  discovery  is  thitf 
steam-engine^  which  has,  with  much  propriety,  been  deno- 
minated '^  the  noblest  monument  of  human  ingenuity."  The 
Marquis  of  Worcester,  who  lived  in  the  reign  of  Charles  II., 
is  entitled  to  the  honour  of  having  first  directed  the  attention 
of  mankind  to  the  expansive  force  of  steam  when  used  in  a 
dose  vessel :  but  in  the  book  published  bv  him  in  1663,  he  is 
not  sufficiently  explicit  or  intelligible^  for  us  to  determine 
what  kind  of  apparatus,  or  combination  of  machinery,  was 
used  by  him  for  the  guidance  of  its  powers.  It  is  however 
but  reasonable  to  suppose,  notwithstanding  the  vagueness  of 
his  expressions,  that  it  was  principally  owing  to  the  direction 
his  observations  gave  to  the  minds  of  others  that  steam  b^^ 
to  be  used  as  a  first  mover  of  machinery. 

When  water  is  exposed  to  the  action  of  heat,  it  expands 
and  assumes  the  gaseous  state  called  steam.  When  it  is 
confined  in  a  close  vessel,  and  heat  is  applied  to  it,  the 
quality  of  expansion  is  exerted  to  a  powerful  extent;  and  as 
the  space  between  the  top  of  the  water  and  the  top  of  the 
vessel  is  filled  with  atmospheric  air,  the  first  portion  of  the 
power,  exerted  by  the  expansion  of  the  steam,  is  directed 
towards  the  displacing  of  tliat  atmosphere  from  the  situation 
which  its  weight  had  assigned  it,  and,  consequently,  8uch 
portion  of  the  direct  action  of  the  expansive  force  of  steam 
IS  to  be  deducted  from  its  disposable  power.  This  portion 
of  power  is,  however,  ultimately  av2ulable.  For  as  by  a 
reduction  of  temperature  steam  reassumes  the  state  of  water, 
leaving  the  space  which  it  had  occupied  again  void,  the 
atmosphere  which  it  had  displaced  returns  to  its  former 
situation,  exerting  a  force,  so  to  do,  exactly  tantamount  to 
that  which  the  steam  had  exerted  to  displace  it.  This  force 
may  be  termed  the  consequent  power  of  steam.  The  direct- 
ing and  controlling  of  these  powers,  so  that  they  may  be 
applied  to  the  purpose  of  creating  equable  motion,  b  the 
object  attained  dmost  to  perfection  in  the  steam-engine:  and 
it  is  the  more  accurate  control,  the  more  advantageous 
application,  and  the  more  economic  production  of  these 
powers,  that  have  been  aimed  at  in  its  various  modifications. 

For  more  perfectly  illustrating  the  mode  in  which  steam  operates  we  viU 
suppose  the  vessel,  represented  at  fig.  168,  to  be  filled  with  water  up  to 
the  line  A,  and  the  space  £  occupied  with  air,  and  having  a  plug  or  pisU>Q 
fitting  it  at  C,  and  an  aperture  at  D ;  now  if  the  aperture  D  be  closed,  and 
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keai  applied  to  the  water^  as  at  F,  steam  will  be  generated,  and  by  its 
expansive  force  will  raise  the  piston  C  upwards ;  then  if  the  heat  be  with- 
drawn and  the  ressel  suddenly  cooled,  condensation  will  take  place ;  the 
steam,  reassuming  the  form  of  water,  will  again  occupy  the  space  below 
the  line  A,  and  the  piston  C  will  return  to  its  place.  In  this  experiment 
the  expansiTe  force  of  the  steam  compressed  the  air  in  the  space  £,  and 
forced  the  plug  C  upwards,  we  will  suppose,  to  H ;  but  C,  in  travelling  to 
U,  displaced  so  mnch  of  the  atmosphere  as  occupied  the  tube  fi\>m  C  to  H ; 
consequently,  the  portion  so  displaced  will  seek  to  resume  its  natural 
position,  axKl  when  the  force  of  the  steam  is  withdrawn  by  condensation, 
the  wel^t  of  that  portion  of  the  atmosphere  will  again  return  the  plug  C 
to  its  place ;  by  which,  it  is  obvious,  that  the  raising  of  the  plug  was  the 
direct  action  of  the  steam,  and  the  returning  its  consequent  action,  or 
the  action  of  the  atmosphere  in  consequence  of  its  having  been  displaced 
by  the  force  of  the  steam. 

Again,  if  we  suppose  the  plug  to  be  in  its  first  situation,  as  at  C,  and  we 
open  the  aperture  at  D,  and  a4>ply  heat,  the  steam  will  rise  into  the  space 
K,  and  expel  the  air  through  the  aperture  D,  which  being  closed,  and 
condensation  caused,  the  space  E  will  be  left  a  vacuum,  and  the  atmo- 
sphere seeking  to  occupy  that  space  will  force  the  plug  C  down  to  the  line 
A ;  here  the  nnoveroent  of  the  plug  C  was  solely  caused  by  the  atmosphere 
exeitii^  WseVt  to  regsun  the  position  whence  it  had  been  expelled  by  the 
force  of  ike  «leam  through  D,  and  this  effect  is  performed  by  the  conse- 
qaeni  power  of  steam  alone. 

It  has  been  found  by  eneriments,  that  the  pressure  of  the  atmosphere  is 
equal  to  about  14  pounds  weight  upon  every  square  inch,  so  that  sup. 
posing  the  superfieies  of  the  aperture  of  the  vessel,  fig.  168,  to  contain  one 
square  inch,  the  power  exerted  by  the  steam  in  raising  C  to  H  will  be 
tantamount  to  raising  14  pounds  weight  that  height,  together  with  the 
power  necessary  to  overcome  the  friction  and  weight  of  the  piston  C,  in 
the  cylinder;  and,  that  the  power  exerted  by  the  steam  in  expelling  the 
atmo^here  from  the  space  £,  and  obtaining  its  consequent  pressure  to  the 
raising  of  14  pounds  from  A  to  C ;  and  that  the  disposable  power,  obtained 
by  the  retom  of  tlie  piston  from  H,  will,  in  the  first  mstance,  be  equal  to  the 
taising  of  14  noonds  yreight  from  C  to  H,  less  the  amount  of  the  friction  of  the 
nision  C ;  ana,  in  the  second,  will  be  equal  to  the  raising  of  14  pounds  weight 
from  C  to  A,  less  Che  amount  of  the  friction  as  before.  In  both  these  instances 
the  expansive  or  direct  force  of  the  steam  has  only  been  considered  as  equal 
to  the  displadne  of  the  atmosphere,  or  what  will  be  equal  to  14  pounds 
pressore  on  ea^  superficial  inch ;  but  if  the  piston  C  be  loaded  with  any 
weight,  the  steam  will,  if  urged  with  sufficient  heat,  raise  it,  always  premising 
that'  the  vessel  is  strong  enough  to  resist  the  increased  pressure.  .Suppose 
C  to  be  loaded  with  10  pounds  of  weight,  the  steam  must  be  urged  until  its 
pressure  is  eqoal  to  24  pounds,  10  pounds  more,  14  pounds  the  pressure 
of  the  atmos^iere  on  eacn  square  inch,  and  the  resulting  disposable  force 
wfll  be  equal  to  24  pounds  more,  the  weight  of  C,  less  its  friction  return- 
ing to  the  place  from  where  C  was  raised ;  so  that,  in  this  case,  the  pressure 
on  the  internal  sides  of  the  vessel,  tending  to  burst  it,  will  be  equal  to 
10  pounds  per  square  inch  of  the  internal  superficies,  the  remaining 
14  ponnds  being  counteracted  by  the  pressure  ot  the  atmosphere  on  Oie 
external  sur&ce,  which  is  equal  to  14  pounds  of  the  internal  pressure.  By 
this,  it  is  evident,  that  the  direct  force  of  steam  may  be  increased  without 
limits,  whereas  the  resulting  force  or  pressure  of  the  atmosphere  is  mani- 
iestly  bounded  to  14  or  15  pounds  on  the  square  inch  according  as  its 
dcDsiiy  varies. 
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Trusting  from  this  explanatioii  that  even  those  wlio  are 
unacquainted  with  matters  of  this  nature  will  clearly  compre- 
heud  the  manner  in  which  the  expansive  force  of  steam 
operacts,  we  shall  proceed  to  explain  the  different  mechanical 
combinations  which  have  been  formed  to  render  Uiis  power 
subservient  to  our  will :  premising  that  what  we  have  hereto^ 
fore  called  the  consequent  power  of  steam  will,  in  future,  be 
considered  the  pressure  of  Uie  atmosphere,  which  in  fact 
it  is,  iiaving  adopted  the  other  term  in  the  introductory 
exi>lanation,  in  order  more  clearly  to  impress  on  the  mind, 
that  the  expansive  force  of  steam  is  actually  the  only  originator 
of  power  in  this  machine. 

The  first  apparatus  with  wiiioh  we  are  acquainted,  con- 
structed for  the  purpose  of  employing  steam  as  power  to  act 
in  a  close  vessel,  was  invented  by  a  Captain  Savary,  for 
whicli,  in  the  year  1698,  he  obtained  a  patent.  The  form  of 
it,  as  invented  by  him,  is  represented  in  fig.  169. 

a,  a  close  boiler,  placed  on  a  furnace,  aod  of  sufficient  strength  to  resist 
considerable  pressure;  B  anotber.vesgel  strongly  constructed ;  cc  apipe  with 
a  cock  in  It  at  t,  by  means  of  which  a  communication  can  be  made  from  « to  B 
at  pleasure ;  e  a  pipe  proceeding  downwards  into  a  well  or  other  reservoir  of 
water;  ff  another  pipe  proceed iffig  from  B  to  a  reservoir  placed  above; 
A  A  is  a  pipe  communicating  from  jB  to  the  pipe  //,  and  having  a  cock  in 
it  ut  k  to  allow  of,  or  cut  off,  such  <K)nniiuBication  >  m  is  a  valve  capable  of 
dosing  the  pipe  e  by  pressure  from  above,  and  of  opening  it  by  pressure 
from  below ;  /  a  similar  valve  firtted  to  tlie  pipe  ff,  and  camble  of  being 
acted  upon  in  a  similar  manner.  If  the  boiler  a  be  fiUed  witn  water  to  the 
dotted  line,  and  heat  applied  by  means  of  the  fiimace,  tke  steam  will  rise 
in  tl)e  boiler,  and,  passing  through  the  pipe  e  c,  fill  the  vessel  B,  and  pass 
up  the  ^ipeff;  the  valve  mbeing  shut  by  the  expansive  foroe  of  the  steam 
pressing  upon  it :  if  the  cock  t  t^  now  shut  and  the  steam  in  tbe  vessel  B 
condensed,  by  throwing  cold  wtfter  upon  its  outer  suriieuse,  the  atmosphere 
pressing  on  the  valve  tn  will  close  it,  and  the  interior  of  the  vessel  B  remain 
a  vacuum,  and  the  water  in  the  reservoir  to  which  the  pipe  e  passes  will  be 
forced  by  \he  external  pressure  of  the  atmosflphere  into  tke  vessel  B  up  to 
the  dotted  line,  which  is  supposed  to  be  about  26  feet  from  the  sur&oe 
of  the  water  in  the  reservoir,  being  the  length  of  a  column  of  water,  wSuch, 
caking  into  account  that  the  vacuum  thus  formed  is  nOt  quite  perfect,  is 
equal  to  the  pressure  that  ¥rill  be  exerted  by  the  atmosphere.  If  the  cock 
i  be  opened  again,  and  the  steam  allowed  to  press  on  the  smr&ce  of  the 
water,  in  B,  it  will  close  the  valve  «a,  and  cause  the  water  to  ascend  the 
pipe  //,  through  the  valve  i,  co  the  upper  reservoir ;  and  when  the  cocdt  i 
IS  ugain  shut,  and  the  steam  in  B  again  caused  io  condense,  the  operation 
will  be  repented,  and  the  weight  of  the  water  in  the  pipe  //will  dose  the 
vah^  I,  and  cause  the  vessel  B  to  be  filled  by  e  as  before. 

Such  was  the  construction  and  mode  of  operating  with  the  first  apparatus 
made  by  Captain  Savary.  Bat  he,  finding  it  inconvenient  to  cause  con- 
densation by  m^ans  of  dtrowing  cold  water  upon  the  outer  sorfiioe,  introduced 
tlvc  pipe  k  h  into  B,  which,  by  opening  the  cock  k,  allowed  some  portion  of 
t^Mi  water  to  pass  from  the  pipe  //  which  was  always  fiiU  ader  the  first 
stroke;  and  thereby  cause  conaenijation  more  quickly  to  ensue; 
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Tbe  txial  or  gaug^  cocks  o,  q,  were  also  contrived  by  Captain  Savary,  in 
order  to  ascertain  the  height  of  the  water  in  the  boiler.  If  the  surface  of 
the  water  is  above  the  lower  ends  of  the  cocks,  and  the  cocks  be  opened, 
water  wiH  issue  frnm  them ;  if  below,  steam.  But  if  the  water  is  at  its 
proper  leTel,  that  is  to  say,  if  the  surface  of  the  water  be  in  the  iater- 
meoiate  spce  between  the  ends  of  the  cocks  q  and  n  o,  water  will  issue 
from  the  former,  and  steam  from  the  latter.  This  knowledge  was  neces- 
sary to  be  obtained ;  for  should  the  surface  of  the  water  exceed  the  height 
of  the  cocks  o,  there  will  not  be  room  for  a  sufficiency  of  steam  to  remain 
i&  stone  for  eontiniied  operation. 

The  applieatkMi  of  this  eDgiue  was  confined  to  the  raising 
<^  water  to  smaU  heights,  as  it  operated  only  by  atmospheric 
pressure  ;  in  deep  mines  it  was  found  not  to  be  effective.  Tak- 
ing into  ccHisiderationj  however,  the  then  imperfect  state  of 
knowledge,  so  &r  as  regarded  steam  as  a  first  mover,  the 
invent«Mr  is  entitkd  to  no  inconsiderable  degree  of  praise  for 
this  specimen  of  his  ingenuity.  The  greatest  objection  to 
iUs  BM)de  18^  the  great  waste  of  steam^  and  consequent 
imaeeesaavy  expenditure  of  fuel,  arising  from  the  condensa- 
tion beii^  efiected  by  aUowing  cold  water  to  come  into 
contact  with  the  steam  in  the  vessel  B. 

At  the  time  when  the  existence  of  this  engine  was  first 
made  known  to  the  public,  the  amazing  power  of  steam, 
which  it  BO  plainly  deuK>nstrated,  began  very  deservedly  to 
obtain  the  attention  ci  ingenious  men;  and  disputes  for  the 
honour  of  the  discovery  took  place,  the  English  ascribing  it 
to  the  Marquis  of  Worcester,  the  French  to  Fapin. 

Without  entering  into  the  minutiae  of  this  contest,  it  will 
be  sufficient  for  us  to  trace  prc^essively  the  grand  improve* 
ments  that  have  taken  place  in  the  steam-engine  in  this 
coimtry:  though  not  forgetting  to  mention  the  accessary 
improvements  derived  from  foreign  aid.  Of  this  latter  is  the 
safety  valve,  an  instrument,  though  in  itself  simple,  of  such 
vast  importance,  that  to  it  may  be  attributed  the  general 
iiitroduction,and  consequent  iniprovement,ofthe  steam-engine 
to  its  present  existing  state  of  perfection.  It  was  contrived 
by  Dr.  Papin,  who.,  at  the  time  of  Captam  Savary's  invention, 
was  makiAg  experimei^  on  the  power  of  steam  at  high 
tesoperatures^  for  the  purpose  of  dissolving  bodies.  It  con- 
sists merely  of  an  aperture  of  a  specific  dimension,  suppose^ 
fur  instance,  one  square  inch,  in  or  communicating  with  anv 
dose  boiler,  and  a  valve  properly  fitted  in  that  aperture,  such 
valve  being  on  the  outside  loaded  to  any  extent  considered 
necessary  to  resist  the  force  of  the  steam  until  it  has 
acquired  a  certain  degree  of  power,  computed  to  be  what  the 
boUer  is  perfectly  capable  of  sustaining  without  the  chance  of 
bursting.     Now  it  is  Bumifest,  until  the  pressure  of  the  steam  • 
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within  has  exerted  itself  so  far  as  to  r^se  such  weight,  tlie 
internal  pressure  per  square  inch,  tending  to  burst  the  boiler, 
does  not  exceed  the  amount  of  such  weight,  so  that,  by  this 
means,  an  estimate  of  the  chances  of  such  an  occurrence 
taking  place  can  easily  be  made. 

The  contrivance  by  Dr.  Papin,  of  placing  a  piece  of  wood 
to  float  upon  the  surface  of  the  water,  though  an  improve- 
ment in  this  stage  of  the  engine,  is  now  of  no  importance ; 
but  it  is  not  improbable,  that  this  first  suggested  the  idea  of 
a  close  fitted  pistqn  working  in  a  cylinder,  which  constituted 
the  most  valuable  part  in  the  next  step  of  advancement. 
This  was  e£Pected  by  an  ironmonger  or  smith  of  the  name  of 
Newcomen,  and  a  glazier  of  the  name  of  Cauly^  residing  at 
Dartmouth^  in  Devonshire,  who  were  contented  to  share  the 
profits  of  the  invention  with  Savary,  and  jointly  with  him 
obtained  a  patent  for  it  in  the  year  1705. 

This  engine,  generally  called  Newcomen's  engine,  was  the 
first  that  had  a  piston  fitted  to  work  in  a  cylmder,  which, 
together  with  the  beam,  gave  to  the  construction  of  the 
machine  a  new  character. 

An  engine  upon  this  construction  \a  represented  in  fig.  170,  where  A  is 
a  boiler  phiced  upon  a  furnace ;  B,  a  cylinder,  bored  true,  and  having  the 
pbton  e  fitted  to  work  easily  therein ;  q,  a  cock  in  the  pipe  forming  a  com- 
munication from  the  boiler  to  the  lower  part  of  the  cylinder ;  S,  a  safety 
FaWe  loaded  by  the  weight  at  the  extremity  of  the  lever  r  /,  pressing  upon 
the  upright  pin  of  the  valve  at « ;  dd^Si  pipe  leading  from  tne  cylinder  B 
^o  the  reservoir  i,  with  the  cock  e  for  opening  and  closing  the  connection ; 
ff,  another  pipe  leading  also  from  the  cylinder  to  the  reservoir  ^,  having  a 
valve  at  the  lower  extremity,  opening  outvirards,  for  the  purpose  of  allowing 
any  accumulation  of  condensed  water  in  the  cylinder  to  run  ofi*,  and 
through  which  the  air  may  be  ejected  by  the  steam  when  filling  B ;  LL  is 
a  beam,  supported  upon  the  wall  KK,  and  capable  of  vibrating  upon  the 
centre  IJ;  a  is  the  rod  of  the  piston,  fastened  to  the  curved  end  of  the  beam 
by  a  chain ;  m  m  the  rod  of  the  pump,  fixed  to  the  beam  in  a  manner 
similar  to  the  piston  rod;  the  pump  is  placed  in  the  well  or  pit  dr,  with 
the  weights  o  o  hanging  upon  the  pump  rods  sufficient  to  counter- 
balance the  piston  and  rod  on  the  other  end  of  the  beam,  and  keep  it  raised 
to  the  top  of  the  cylinder ;  ^  |i  is  a  pipe  leading  from  the  pump  in  the  well 
to  supply  the  cistern  i. 

Supposing  the  piston  c  to  be  in  the  situation  e^,  near  the  top  of  the 
cylinder,  an^  the  steam  in  the  boiler  to  be  urged  by  fire  in  the  furnace,  and 
the  cock  9  to  be  open,  the  cylinder  B  will  become  filled  with  steam,  and 
the  air  that  is  in  it  be  expelled  b^  the  pipe//,  and  through  the  clack-valve 
at  the  end,  which,  from  the  noise  made  by  such  expu&ion  is  called  the 
snifting-clack.  If  the  cock  q  be  closed,  and  that  at  e  opened,  water  will 
rush  from  the  reservoir  t  into  the  cylinder,  and  by  causing  an  immediate 
condensation  of  the  steam  create  a  vacuum,  so  that  the  pressure  of  the 
atmosphere  will  operate  upon  and  force  down  the  piston  c  to  the  bottom 
of  the  cylinder,  and  cause  the  other  end  of  the  beam  L  to  rise  as  much  as 
that  end  falls,  which  makes  one  stroke  of  the  pump-rods.  If  the  cock  e  be 
pow  closed,  and  q  opened,  steam  will  force  against  the  bottom  of  c,  and  by 
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overcoming  the  pressure  oi  ihe  atmosphere  again  raise  it  to  its  original 
position ;  and  9  oeing  again  closed,  and  e  opened,  the  performance  of  a 
similar  operation  will  be  effected. 

The  aoTantage  sought  in  the  construction  of  this  sort  of  engine  was 
obtained,  namely,  that  of  not  being  required  to  use  steam  of  greater 
pressure  than  the  atmosphere,  which  was  the  case  in  Savary's  engine,  when 
the  height  the  water  was  to  be  raised  by  the  pipe  //,  fig.  169,  exceeded 
more  than  about  33  feet.  In  Newcomen's  engine,  the  weight  o  0  balances 
the  piston  c,  and  the  exertion  of  the  steam  is  never  required  to  be  more  than 
about  14  pounds  to  the  superficial  inch;  wfaibt  the  introduction  of  the 
beam  afforas  a  movement  applicable  to  the  working  of  pumps,  by  which 
water  can  be  raised  to  any  required  height. 

The  cocks  q  and  e  were  opened  by  the  hand  of  au  attendant  until  a  boy 
of  the  name  of  Potter,  who  was  intrusted  with  the  management  of  them, 
to  save  himself  the  labour  and  attention  which  they  required,  ingeniously 
contrived  to  attach  a  piece  of  string  to  the  levers  of  the  cocks,  and  to  the 
beam  L  L,  in  such  a  manner,  as  to  procure  by  its  movement  their  being 
opened  and  shut  at  the  proper  periods.  It  was  this  gave  the  idea  for  the 
construction  of  that  part  of  tne  present  engine  called  hand-geer. 

The  next  person  who  made  any  considerable  improvement 
in  the  steam-engine  was  Mr.  Henry  Beighton,  of  Newcastle, 
who  invented  the 'part  called  the  plug-tree,  for  opening  and 
shutting  the  valves,  which  we  shall  describe  in  a  more 
advanced  part  of  the  work:  he  also  adopted  a  force-pump,. to 
supply  the  deficiency  of  water  in  the  boiler  caused  by  the 
expenditure  in  the  production  of  steam.  This  engine,  called 
Beighion's  Jire-enginey  was  much  used  for  nearly  half  a 
century ;  and  the  attention  of  engineers  was  directed  more  ' 
towards  the  economizing  of  fiiel,  than  the  further  improve- 
ment of  the  engine. 

At  length,  however,  it  began  to  be"  perceived,  that  the 
attmnment  of  a  rotatory  motion  would  open  an  extensive 
field  for  the  application  of  its  powers  to  various  mechanical 
purposes;  and,  accordingly,  we  find  the  attention  of  engineers 
most  actively  engaged  in  endeavouring  to  effect  so  desirable 
an  object,  which  was  eventually  accomplished  by  Mr.  Matthew 
Washbroiigb,  of  Bristol,  who,  in  the  year  177^?  obtained  a 
patent  for  the  application  of  tlie  crank.  Though  this  is  by 
&r  the  best  application  that  has  been  yet  applied,  as  is 
evident  from  its  now  almost  universal  adoption,  it  was  for 
some  time  superseded  by  the  sun  and  planet  wheels  intro- 
duced by  Messrs.  Boukon  and  Watt. 

The  sun  and  planet  wheels  are  represented  in  fig.  171.  A  represents  the 
end  of  the  beam,  to  which  is  affixed,  by  a  movable  centre  at  F,  the  rod  9, 
calle4  the  connecting  rod,  upon  the  lower  end  of  which  is  immovably  fixed 
ihe  wheel  C ;  D  is  a  cog-wheel,  fixed  upon  the  axis  of  the  fly-wheel 
GGGG,  and  capable  of  revolving  with  it.  When  the  beam  A  passes 
downwards,  the  wheel  C  changes  from  its  position  at  C  to  C*,  and  i*.s  cogs, 
actings  upoii  those  of  the  wheel  D,  cause  that,  and  the  fly-Kae^ii  to  whirli 
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it  is  attached,  to  perform  that  portion  of  a  resolution  round  its  axis.  *The 
wheel  C,  fVom  the  manner  in  which  it  is  suspended,  tends  always  to  press 
against  D  in  its  downward  and  upward  motions.  When  C  is  in  the  position 
of  C,  the  wheel  D,  from  the  vdocitj  it  has  acquired  by  its  connection  with 
tiie  fly-wheel,  causes  it  to  pass  under  the  eentre  of  D,  and  the  beam  begin- 
ning immediately  to  ascend,  operates  by  C  on  the  other  side  of  D,  giving  it 
another  portion  of  impulse  towards  a  continuous  motion  whilst  passing 
from  C*  to  O,  and  when  it  arriyes  at  C*  it  will  be  impelled  over  the  centre 
D  D  by  the  velocity  which  its  own  action  had  given  tne  fly-wheel. 

The  crank  and  fly-wheel  invented  by  Mr.  Matthew  Washbrough  is  shown 
in  flg.  172.  A  and  B  represent  the  same  parts  as  in  fig.  171,  but  the  lower 
end  of  B  is,  in  this  case,  attached  to  the  crank  C  at  <^,  and  is  capable  of 
revolving  round  the  centre  £ ;  the  other  end  of  the  crank  is  attachcKl  to  the 
fly-wheel  D  D  D  D,  so  that  both  that  and  the  fly»wheel  are  capable  of 
revolving  round  the  centre  B.  When  the  beam  A  is  depressed^  it  com- 
municates motion  to  the  crank  and  fly*wheel  to  which  it  is  attached,  and 
when  it  arrives  at  H,  the  velocity  of  the  fly-wheel  causes  it  to  pass  under 
the  centre  E,  and  the  beam  beginning  immediately  to  ascend,  agaia  com- 
municates motion  to  the  fly«wheel. 

The  length  of  the  connecting  rod  B  should  be  such  that 
when  the  beam  A  is  in  an  horizontal  position,  the  crank  will 
likewise  be  the  same;  and  when  the  crank  is  in  the  position 
as  at  G^  its  length,  together  with  the  length  of  the  crank, 
such  as  to  permit  the  other  end  of  the  beam,  A,  to  descend 
until  the  piston  which  is  attached  to  it  is  at  the  bottom  of 
the  cylinder }  and  the  length  of  these  and  the  cylinder  such, 
that  when  the  crank  is  in  tiie  position  H,  the  piston  shall  be 
at  the  top  of  the  cylinder.  This  method  not  only  aflSorda  a 
rotative  motion,  but  determines  the  length  of  the  stroke 
which  the  piston  may  be  required  to  perform,  to  an  exactness 
that  is  of  great  importance ;  for  prior  to  its  introduction^  the 
forcible  striking  of  the  piston  against  the  top  and  bottom  of 
the  cylinder,  which  was  attended  with  injurious  effects,  was 
an  occurrence  by  no  means  unfrequent,  and  which  the  sun 
and  planet  wheels  were  in  no  way  calculated  to  remedy. 

Mr.  Watt,  a  native  of  Glasgow,  having  his  attention  ac- 
cidentally directed  to  the  construction  of  the  steam-engine, 
discovered  that  water,  when  confined  in  a  close  vessel,  and 
heated  considerably  beyond  the  boiling  temperature,  would, 
when  the  steam  was  permitted  to  escape,  cool  rapidly  down 
to  the  boiling  point,  which  suggested  an  idea,  that  the 
amount  of  steam  issuing  from  any  vessel  was  simply  in  pro- 
portion to  the  amount  of  heat  applied,  and  that  the  economiz- 
ing of  fuel  could  only  be  obtained  by  the  economizing  of 
steam.  Mr.Watt  also  noticed  the  great  change  which  took  place 
in  the  temperature  of  the  cylinder  when  the  cold  water  was 
injected  to  condense  the  steam ;  and  concluded,  that  as  tbe 
coldness  of  the  cyliudcr  would  renu^n  jrfter  the  necessary  con- 
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densation  had  been  effected,  a  wasteful  condensation  of  the 
newly  introduced  steam  must  take  place.  By  experiment  he 
found,  that  the  quantity  of  steam  thus  wasted  was  no  less  than 
thrice  the  contents  of  the  cylinder,  or  three  times  the  quan- 
tity which  was  required  for  producing  the  effect  sought.  The 
modes  to  which  he  had  recourse  to  remedy  this  defect  were 
first,  the  substitution  of  a  wooden  cylinder,  which,  upon 
repeated  trials,  he  was  compelled  to  abandon,  on  account  of 
the  roughness  produced  by  wet  and  the  changes  of  temper- 
ature ;  secondly,  the  enclosing  of  the  cylinder  with  wood,  and 
filling  the  intermediate  space  with  powdered  charcoal ;  which 
afterwards  was  superseded  by  the  introduction  of  an  extra 
cylinder,  that  enclosed  the  working  cylinder,  and  permitted 
steam  to  flow  round  it,  which  maintained  it  at  a  regular  tem- 
perature. The  outer  cylinder  is  termed  a  jacket,  and  is  now 
used  with  advantage. 

In  the  year  1763,  Mr.  Watt  made  the  giand  improvement 
of  effecting  the  condensation  in  a  separate  vessel,  conununi- 
cating  only  by  a  pipe  to  the  cylinder,  termed  the  condenser. 

In  fig.  178,  A  is  the  lower  part  of  the  cytinder;  B  the  condenser;  C  th4 
edaction  pipe,  or  pipe  of  communication  between  the  cylinder  and  condenser, 
capable  of  being  opened  or  closed  by  the  cock  c ;  and  DD  a  chamber  of  cold 
water,  in  which  the  condenser  B  is  immersed.  When  the  cock  e  i3 
opened,  the  steam,  bj  its  elastic  force,  rushes  into  B,  where  it  is  condensed ; 
and  the  space  it  has  left  in  the  cylinder  allows  a  new  supply  of  steam  to  be 
generated,  which,  by  the  opening  of  the  cock  c,  also  passes  into  B,  and  is 
similarly  condensed.  The  condensing  of  the  steam  necessarily  accumulates 
water  in  B,  and  reduces  the  capacity  of  the  condenser;  to  remedy  which, 
Mr.  Watt  mtroduced  a  smaU  pump,  worked  by  the  engine,  to  withdraw  the 
extra  water,  as  also  the  air,  which  in  some  degree  hindered  the  perfectness 
of  the  vacuum :  he  named  it  the  air-pump.  He  also  found  it  expedient  to 
permit  a  small  stream  of  water  to  run  from  the  chamber  DD,  by  means  of  a 
cock,  trhich  could  regulate  the  supply  according  to  the  temperature  of  the 
water  in  D,  or  the  required  rapidity  of  the  condensation.  The  cistern  iii 
which  the  condeiiser  is  placed  is  called  the  cold-water  cistern ;  it  is  con* 
tinually  being  supplied  with  fresh  water  from  a  pump  connected  with  a 
well  or  pit,  and  tne  OTcrplus  is  discharged  by  a  spout  into  a  dram.  The 
hot  water  drawn  from  tne  condenser  by  the  air-pump  is  delivered  into 
another  cistern,  termed  the  hot-water  cistern. 

These  parts  are  represeuted  in  fig.  174,  where  their  distribution  is  such  as 
to  exhibit  them  conveniently  without  taking  into  view  their  construction  in 
any  particolar  engine,  as  their  form  and  relative  position  is  of  no  import- 
ance, and  is  arbitrarily  varied  as  the  different  builders  think  fit,  or  as  con- 
veniency  or  circumstances  may  in  many  cases  require.  A  is  the  cylinder ; 
Bthe  condenser;  C  the  air-pump;  ££  the  cold-water  cistern;  F  the  cold- 
water  pomp  for  supplying  the  same ;  SS  the  steam  pipe  firom  the  boiler ; 
H  the  eduction  pipe  from  the  cyiindei^to  the  condenser ;  OO  the  hot-water 
cistern ;  N  the  injection  cock  for  allowing  a  small  stream  of  water  to  flow 
into  B ;  P  the  hot-water  pump,  which  forces  a  sufficiency  of  water  from  th# 
/lot-watcr  cistern  through  the  pipe  q  to  keep  up  the  supply  in  the  boiler 
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II  f  /  are  pump  rods,  fixed  to  the  beam  and  worked  by  its  motion;  giaf^ 
•action  pipe ;  and  m  the  foot-valve.  The  pipe  I  and  the  valve  V,  opening 
upwards,  are  for  the  purpose  of  permitting  tne  steam  to  pass  through  to 
expel  the  atmosphere  from  the  condenser,  called  a  blow*vafve,  and  then  by 
its  own  condensation  to  leave  a  vacuum  on  the  starting  of  the  engine. 

A  communication  is  made  from  the  condenser  by  a  pipe  to  the  upper  part 
of  a  tube  standing  in  a  basin  of  mercury.  The  amount  of  mercury  in  the 
tube  will  indicate  the  perfectness  of  the  vacuum  in  the  condenser,  by  ex- 
hibiting the  height  at  which  it  is  supported  by  the  pressure  of  the  atmosphere. 
If  the  vacuum  is  perfect,  the  mercury  will  stand  from  28  to  31  indies. 

The  only  difference  between  the  working  of  this  engine  and 
those  ab^ady  described  is,  that  the  pipe  HH,  instead  of  being 
an  injection  pipe  for  the  admission  of  cold  water  to  the  cylin- 
der, merely  leads  off  the  steam  to  the  condenser  B,  therefore, 
when  condensation  is  to  be  effected,  the  cock  h  is  opened  to 
admit  the  steam  from  the  cylinder  into  B,  there  to  become 
condensed,  whilst  the  continued  action  of  the  pump  C  main- 
tains a  vacuum  in  B,  by  drawing  off  the  condensed  water  and 
the  air.  The  cold-water  pump  F  keeps  up  an  abundant 
supply  in  the  cistern  £  £,  and  the  superpius  is  discharged  at 
W ;  thus  maintaining  a  depression  of  temperature  sufficient 
to  procure  condensation  in  B. 

Such  was  the  importance  of  this  alteration  in  the  mode  of 
construction,  that  one  half  the  quantity  of  fuel  consumed  by 
an  engine  of  the  former  construction  was  saved.  Still,  how- 
ever, the  engine  was  not  complete ;  the  piston  was  required  to 
have  water  kept  upon  its  upper  surface  to  keep  it  air-tight,  and 
as  this,  in  the  descent,  cooled  the  cylinder  considerably,  it 
w^,  as  is  evident  from  what  has  been  already  stated,  when 
speaking  of  the  former  mode  of  injecting  cold  water,  pro«- 
ductive  of  a  loss,  to  which  Mr.  Watt  turned  his  serious 
attention;  and  eventually  succeeded  in  remedying  the  evil. 

The  next  construction  of  the  engine  is  what  is  now  c«'illed 
the  single  acting  engine,  and  as  the  improvement  con- 
sisted merely  in  the  cylinder,  a  diagram  of  that  will  be  sufficient 
to  make  it  clearly  understood.  Finding,  as  has  been  stated, 
the  disadvantages  attending  the  open-ended  cylinder,  Mr, 
Watt  conceived  the  idea  of  closing  the  top  of  the  cylinder, 
tfnd  of  causing  the  piston-rod  to  work  through  a  dose  collar 
stuffed  with  hemp  and  grease ;  and  instead  of  making  use  of 
water  to  procure  the  piston  working  air-tight,  of  using  oil  or 
fat  as  a  substitute ;  aud  instead  of  causing  it  to  descend  by  the 
pressure  of  tlie  atmosphere,  of  employing  steam  of  an  ex- 
pansive force  equal  to  that  pressure, 

In  reference  to  fig.  175,  A  is  the  cylinder;  B  the  piston;  CC  the  stuffings 
}>ox  filled  with  hemp  moistened  wiih  tallow,  having  its  cap  screwed  firmly 
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dotvB  by  two  screws,  so  as  to  form  a  steam-tight  joint  round  the  piston-rod. 
The  pistoD-rod  being  turned  true  and  polished,  is  capable  of  working  op 
andaown  through  the  steam-tight  joint.  D  is  the  steam  pipe  leading  from 
the  boiler;  K  the  eduction  pipe  leading  to  the  condenser;  H  and  I  are  two 
▼aWes  upon  the  rod  L,  which  passes  through  stuffine-boxes,  or  steam-tight 
joints,  at  »  «.  While  raising  and  lowering  the  rod  L,  the  valves  H  and  I 
open  or  close  their  respective  apertures  D  and  K.  ^  is  a  valve  which  affords, 
when  open,  a  communication  oetween  the  top  and  bottom  of  the  cylinder 
through  the  pipe  P  £,  and  from  thence  through  O.  Its  spindle,  which  is 
hollow,  works  in  a  steam-tight  collar  at  N,  and  his  the  rod  L  passing 
through  it,  likewise  steam-tight,  in  such  a  manner,  that  the  rod  L,  with  its 
valves,  may  be  moved  independent  of  the  valve  g,  or  the  valve  g  independ- 
ent of  the  rod  L.  If  the  valves  are  placed  as  represented,  I  and  H  open, 
and  g  shut,  and  the  steam  be  permitted  to  come  trom  the  boiler  through  D, 
it  wUl  pass  through  II,  and  enter  the  top  of  the  cylinder  at  P,  depressing  the 
piston  B  by  its  elastic  force,  whibt  the  lower  part  of  the  cylinder  is  open 
through  O  and  R  to  the  condenser.  When  the  piston  is  depressed  to  B', 
the  rod  L  must  be  moved  downwards,  and  the  valves  H  and  I  closed,  and 
the  valve  g  opened^  that  the  steam,  by  its  elastic  force,  may  pass  dirough 
P  £  and  the  valve  g,  and  act  equally  upon  the  lower  as  well  as  the  upper 
surface  of  the  piston ;  the  piston,  therefore,  being  in  an  unbiassed  state,  as 
regards  the  pressure,  wiU  again  be  raised  to  its  original  situation  by  the 
counterpoise  weights  acting  at  the  other  end  of  the  beam,  and  the  steam  will 
pass  from  above  to  below  the  piston.  When  it  has  arrived  at  that  place, 
the  valves  may  be  again  put  in  their  first  position,  as  represented  m  tlie 
drawing,  when  that  at  I,  being  open,  affords  a  communication  through  O  K 
for  the  steam,  which  now  occupies  the  cylinder  below  the  piston,  to  pass  to 
the  condenser,  whilst  fresh  steam  forces  through  D  upon  the  upper  surface 
of  the  piston  tantamount  to  the  pressure  of  the  atmospnere,  and  produces  an 
effect  fully  equal  to  that  obtain^  from  an  atmospheric  engine. 

In  the  engine  just  described,  the  beam  was  drawn  down  by 
the  pressure  of  the  steam  upon  the  top  of  the  piston,  and 
when  the  steam  had  passed  into  the  condenser,  was  raised  by 
counterpoise  weights  placed  at  its  further  end ;  by  which  it 
is  manifest,  that  the  action  of  an  engine  of  this  construction 
must  be  somewhat  irregular,  for  whilst  the  piston  is  descend- 
ing the  steam  must  act  upon  it  to  an  amount  capable  of  raising 
the  counterpoise  weights,  and  of  likewise  doing  the  work  put 
upon  it ;  but  when  the  piston  is  rising,  the  actual  fall  of  the 
counterpoise  weights  is  die  only  amount  of  power  which  the 
engine  is  supplying,  and  from  which  is  to  be  deducted  the 
friction  and  weight  of  the  piston.  Such  engines,  therefore,  . 
when  a  continuous  and  equable  force  is  required,  are  not  so 
adyantageous  as  those  where  the  rising  and  depressing  of  the 
piston  are  alike  performed  by  the  same  means  and  the  same 
extent  of  force.  This  desirable  end  was  accomplished  by 
Mr.  Watt  in  the  construction  of  the  double-acting  engine, 
which  we  shall  next  notice,  in  contradistinction  to  the  one 
that  last  claimed  our  attention,  and  which  is  now  seldom  used 
iot  any  other  purpose  than  that  of  pumping  water 
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The  double-acting  engine  is  formed  in  such  a  manner  that 
whilst  the  steam  is  pressing  on  one  side  of  the.  piston,  the 
cylinder  on  the  other  side  is  always  open  to  the  condenser, 
so  that  a  vacuum  exists  on  the  opposite  side  to  that  on  which 
the  pressure  is  exertt^d.  This  effect  is  produced  by  several 
modes  of  distributing  various  pipes,  or  valves^  or  cocks*  The 
simplest  in  its  construction  is  the  four-way  cock.   . 

Fig.  176.  A  is  the  cylinder;  B  the  piston;  C  the  pipe  eommumcating 
witli  the  boiler;  /ma  communication  with  the  condenser;  I K  and  H  g 
communicate  to  the  top  and  bottom  of  the  cylinder ;  C  and  D  are  two  di^■ 
ferent  passages  through  the  plug  of  a  cock,  (the  plukf  of  the  cock  is  sliaded 
for  distmction,)  capable  of  being  turned  by  means  of  its  handle  mK  When 
the  cock  is  as  now  represented,  the  steam  from  C  passes  through  D  along 
H  and  g  to  beneath  the  piston,  whilst  there  will  be  a  direct  communication 
with  the  condenser  from  above  the  piston  through  K  IC*F  M.  When  the 
cock  is  turned  in  the  position  as  represented  in  fig.  177,  both  these  com- 
munications will  be  inverted  by  the  different  dispositions  of  their  openings. 
The  opening  e  in  the  plug  will  then  afford  a  communication  from  the  steam 
pipe  C  to  r,  leading  to  the  upper  part  of  the  cylinder ;  and  the  opening  D 
will  permit  a  communication  from  H,  leading  from  the  lower  part  of  the 
cylinder  to  M,  the  eduction  pipe,  leading  to  the  condenser;  thus  perfecting 
by  its  motion  the  different  changes  of  communication,  so  that  the  steam  is 
always  made  to  act  on  the  one  side  of  the  piston,  whilst  the  vacuum  is 
effected  on  the  other.  The  effect  on  the  piston  in  ascending  or  descending 
is  equal,  and  the  power  is  much  more  regular  and  convenient  for  application 
to  rotative  motion. 

In  the  single  and  the  double  engine  the  pressure  of  the 
atmosphere  is  not  used ;  but  the  direct  force  of  the  steam 
which,  in  the  old  engines^  went  to  expel  the  atmosphere,  and 
then  by  its  own  condensation  to  leave  a  vacuum^  is  first  re- 
sorted to,  and  its  condensation  leaves  a  vacuum  to  assist  the 
action  of  the  next  supply.  Consequently  the  single-acting 
engine  has  not  gained  more  power  thao  the  atmospheric 
engine  in  proportion  to  the  steam  used,  otherwise  than  by 
what  is  saved  through  keeping  the  cylinder  warm ;  and  the 
double-acting  engine  is  only  a  mode  of  using  the  steam  in  a 
more  continuous  and  unbroken  manner,  taking  just  twice  the 
quantity  of  steam,  and  exerting  twice  the  power  of  the  single- 
acting  engine. 

Other  modes  for  attaining  this  change  of  communication, 
so  as  to  produce  the  double  action,  are  adopted  as  circun^- 
atauces  may  demand.  The  one  last  described,  called  the 
four-way  cock,  was  found  not  to  answer  in  large  engines,  in- 
asmuch as  plugs  of  sufficient  dimensions  to  afford  steam- 
w^y  enough  caused  so  much  friction  in  their  collars,  that  it 
was  an  ei^penditurc  of  considerable  power  to  turn  them ;  the 
method,  therefore,  most  usually  adopted  in  engines  of  large 
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^mensioDS  is^  a  system  of  valves^  opened  and  shut  at  the 
proper  periods  by  levers. 

Tbe  internal  arraogeinent  of  such  a  system  is  shown  at  fig.  173,  where  C 
is  a  pipe  leading  fioom  the  boiler  for  the  conveyance  of  steam ;  and  D  K  a 
pipe  leading  to  L  the  condenser;  op,  m  n,  are  two  boxes,  each  divided  in- 
ternally into  three  compartments,  in  which  are  the  valves  efgh,  capable 
of  opening  upwards.  From  the  centre  compartment  in  each  of  the  boxes 
above  and  below  there  is  a  commttnicatiooy  at  a  and  b,  with  the  top  and 
bottom  of  the  cylinder.  The  steam  is  conveyed  along  the  pipe  C  into  the 
upper  chamber  of  the  upper  box,  and  by  means  of  the  pipe  i  passes  through 
it  and  pnxxeds  to  the  upper  chamber  of  the  lower  box,  and  the  pipe  K  D 
affords  a  communication  from  each  of  die  lower .  chambers  to  the  con- 
denser L. 

If  the  valve  h  be  opened,  there  will  be  a  communication  from  the  lower 

rof  the  cylinder  tnrough  the  aperture  b  and  pipe  K  into  the  condenser 
,  and  i^  at  the  same  instant,  the  valve  e  be  opened,  the  steam  will  be  ad- 
mitted through  C  into  the  centre  chamber  of  the  upper  box,  and  through 
the  aperture  a  into  the  upper  part  of  the  cylinder ;  consequently  the  steam 
will  be  admitted  to  the  upper  part  of  ^e  cylinder  while  the  lower  part  has 
communicatioD  with  the  condenser,  and.  the  piston  be  forced  downwards. 
If  these  valves  be  closed,  and  the  valves  g  f  opened,  the  steam  will  have 
access  through  C  **  the  valve  gy  and  aperture  6,  to  the  lower  p^rt  of  the 
cylinder,  whilst  there  will  be  a  communication  from  the  top  of  the  cylinder 
through  the  aperture  a,  ^e  valve  /,  and  the  pipe  K  D,  to  tne  condenser,  so 
that  the  piston  will  then  be  forced  upwards. 

Tliis  mode  dl  e&ctmg  tbe  changes  of  communication, 
though  by  no  means  so  simple  as  that  of  the  four-way 
cock,  has  an  advantage  over  it  that  gives  it  a  decided 
preference.  For  as  the  movements  of  the  valves  are  inde- 
pendent of  each  other,  the  shutting  off  of  the  steam,  and  of 
the  communication  with  the  condenser,  can,  if  desired,  be 
effected  at  different  periods,  so  that  the  steam  may  be  allowed 
to  act  upon  the  piston  only  during  one  half  of  the  stroke, 
which  was  discovered  by  Mr.  Watt  to  effect  a  saving  in 
steam.  Besides  this  advantage,  which  can,  if  required,  be 
effected  in  other  engines  by  simple  contrivances,  the  valve 
geer  is  superior  from  its  lightness,  when  compared  to 
slides  or  cocks,  adapted  to  large  engines. 

In  small  engines,  these  advantages,  not  being  of  so  much 
importance^  are  more  than  counterbalanced  by  die  simplicity 
obtained  by  other  modes. 

The  first  that  we  shall  notice  was  invented  by  Mr.  Murray,  of  Leeds,  and 
is  repceaeated  in  fig.  179,  where  a  section  of  this  apparatus,  termed  the 
slide  valve,  i»  shown.  A  is  the  steam  pipe  from  tne  boiler ;  B  B 1)  B  a 
cloee  chamber,  in  which  the  iAtenor  chamber^  C  C,  is  capable  of  sliding 
upvraids  and  dcMmwards  by  n^eans  of  a  rod,  D  D,  which  passes  through  a 
steam-tight  box  at  £.  G  G  is  a  passage  from  the  chamber  B  B  B  B  to  the 
upper  paxt  of  the  cylinder ;  H|I  to  the  lower  part  of  the  cylinder ;  and  1 1 
to  iJie  jondenser.  Now  when  the  chamber  C  C)  is  placed  as  is  represented, 
U  is  plain,  thai  the  steam  has  access  to  the  top  of  the  cylinder,  and  that  a 
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Cominnnication  exists  by  H  H  and  I  £  to  the  condenser,  fiy  moving  C  Cf 
upwards,  the  cominunicatioD  would  be  reversed,  that  is,  G  G  from  the  top  of 
the  cylinder  would  communicate  by  1 1  to  the  condenser,  and  H  H  aclmit 
steam  into  the  lower  part  of  the  cylinder.  By  the  movement  of  CC  up- 
wards and  downwards,  the  alternating  effect  is  produced. 

Messrs.  Boulton  and  Watt  introduced  another  very  neat  and 
useful  mode  of  distributing  the  steam  in  small  engines,  deno- 
minated D  Falves,  on  account  of  the  shape  they  present  when 
seen  in  atop  view. 

Fig.  180.  A  Band  C  D  represent  the  two  D  valves  capable  of  moving 
upwards  and  downwards  by  means  of  the  spindle  £.  Their  £ices  at  A  and 
Cf  are  made  lo  fit  steam-tight  upon  the  inside  of  the  box,  and  the  back  part 
at  B  and  D,  as  shown  at  D^,  is  semicircular,  to  admit  of  its  being  packed  with 
hemp  in  the  same  manner  as  the  piston.  G  and  H  are  communications  to 
the  top  and  bottom  of  the  cylinder;  I  is  the  steam  way  in  the  boiler,  which, 
in  some  engines,  comes  from  the  jacket  of  the  cylinder ;  and  K  is  the  educ- 
tion pipe,  which  carries  the  steam  to  the  condenser. 

Now  if  the  rod  £  be  moved  upwards  until  the  lower  sur£eu:e  of  A  B  is  above 
the  aperture  H,  the  lower  sur&ce  of  C  D  will  be  above  the  aperture  G, 
consequently  the  steam  from  I  will  pass  into  the  cylinder  at  H,  and  the  steam 
from  the  cylinder  will  pass  through  G  and  N  K  into  the  condenser.  Again, 
if  the  upper  surface,  A  B,  be  below  H,  C  D  will  be  below  G,  and  the  steam 
will  pass  through  the  aperture  O,  down  a  pipe  behind  M  K,  through  P, 
and,  by  means  of  G,  will  have  access  to  the  bottom  of  the  cylinder,  whilst  a 
communication  will  be  effected  by  M  ^  and  through  H,  from  the  top  of  the 
cylinder  with  the  condenser.  The  rod  £  passes  through  steam-tight  joints, 
at  top  and  bottom,  into  boxes. 

Fig<  181  represents  another  manner  of  forming  valves  upon  this  principle, 
in  which  a  fiat  surface  is  introduced  at  the  back,  and  the  packing  is  effected 
by  having  the  faces,  backs,  and  sides  of  the  valves  made  of  brass,  and 
fitted  to  plates  of  the  same  material,  which  can  be  screwed  against  the 
valves  as  they  wear.  The  slides  or  moving  parts  are  shadowed.  The  po-~ 
sition  in  which  they  now  are  will  admit  ihe  steam  to  pass  from  I  through 
li,  and  the  condensation  to  be  effected  by  passing  from  G  through  N  to  K  ; 
but  if  the  slides  be  moved  downwards  until  the  aperture  C  is  opposite  G, 
tho  upper  slide  will  be  below  H,  and  the  steam  will  pass  through  P  intd 
the  cylinder  by  means  of  G,  and  exhaustion  will  take  place  from  H  through 

Fig.  182  is  a  combination  of  what  are  called  concentric  valves.  Their 
distribution  is  exactly  similar  to  those  already  explained.  The  spindles  CC 
of  the  lower  valves,  in  both  the  top  and  bottom  boxes,  pass  through  the 
spindles  of  the  upper  valves,  which  are  pipes.  This  mode  of  constructing 
the  valves  was  invented  by  Mr.  Murray.  They  are  capable  of  being  moved 
in  many  ways;  but  the  one  most  generally  adopted  is  represent^  in  the 
figure,  'where  the  rods  d  e,  attached  to  the  cross-levers  that  move  on  the 
centres  GGG G,  act  upon  the  valves.  Thus  the  rod  e,  by  moving  down- 
wards, will  raise  the  solid  or  the  lower  spindle  valve  of  the  lower  box,  which 
opens  to  the  condenser,  and  the  hollow  spindle  the  upper  valve  of  the  upper 
box,  which  admits  steam  to  the  top  of  the  cylinder,  while  the  rod  if  acts 
upon  the  other  two,  and  changes  the  course  of  the  steam  and  exhaustion,  as 
before  shown. 

Conceiving  that  we  have  sufficiently  explained  the  several 
modes  of  guiding  the  immediate  power  of  steam,  we  shall  in 
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the  next  place  proceed  to  examine  into  the  construction  of 
the  piston. 

A  section  of  te  piston  most  commonly  used  in  condensing  engines  is  ex-- 
hibited  in  fig.  183.  The  lower  face  of  the  oiston  is  fixed  to  the  rod  <f  d,  and 
the  upper  nee  is  capable  of  being  raisea  tip  upon  the  rod  d.  Hemp 
moistened  with  taUow,  called  packing,  is  introdueea  round  the  interstice  at 
C  £^  which,  when  the  upper  plate  D  D  is  screwed  down  by  the  screw  at 
£  £y  is  forced  outwards  against  the  sides  of  die  cylinder,  so  as  to  render  it 
perfectly  steam-tight.  As  it  wears  by  the  friction  against  the  cylinder 
more  must  be  forced  out  by  tightening  the  screws;  and  trheu  entirely  wom^ 
theplate  dd  must  be  raised  and  the  piston  fresh  packed. 

Inis  construction  of  the  piston  answers  perfectly  for  condensing  engines; 
but  in  high-pressure  engines  the  hemp  is  destroyed  so  rapidly  by  the  heat 
and  friction^  that  pistons  formed  entirely  of  metal  have  been  introduced  with 
advantage. 

The  top  view  of  one  kind  of  metallic  pision  is  represented  at  fig.  184. 
A  A  A  A  is  a  ring  of  brass  divided  into  four  equal  oiseonuected  portions^ 
resting  upon  the  plate  B  B,  which  is  affixed  to  ^e  piston-rod  «f  d,  as  seen  in 
fig.  185  ;  the  portions  of  the  ring  are  forced  outwards  against  the  sides  of 
the  cylinder  by  springs  of  any  convenient  form  pressing  from  the  piston-rod 
D.  A*,  in  fig.  185,  represents  a  side  view  01  a  similar  ring,  similarly 
divided.  Its  portions  are  placed  upon  the  ring  last  described,  so  that  the 
divisions  foil  upon  the  centres  of  the  other  four  pieces,  and  are  forced 
against  the  sides  of  the  cylinder  in  like  manner  by  springs,  and  the  plate  C  C 
is  placed  over  the  whole.  The  upper  and  lower  sides  of  the  plate  and  rings 
are  all  carefull|r  ground,  so  as  to  fit  steam-tight.  This  form  of  piston, 
though  it  has,  m  some  cases,  been  used  for  a  considerable  time  vrith  advan- 
tage, is,  upon  the  whole,  defective,  as  the  rings  near  the  interstices  between 
the  segments,  must  open  and  allow  the  steam  to  ^n  access  to  the  interior 
where  the  springs  lie,  and  from  thence,  through  similar  interstices,  to  the 
other  side ot  the  piston. 

A  metallic  piston  of  a  better  construction  is  shoWn  at  fig.  186,  consisting 
of  six  pieces  of  brass  of  the  forms  represented  in  the  figure,  by  A  B  C  D  E  F. 
ABC  are  circular,  and  are  made  to  fit  the  inside  of  the  cylinder, 
against  which  they  are  forced  by  tjie  wedge  pieces  D  E  F,  whidi  have 
springs  behind  them.  When  ABC  wear  so  as  to  divide  at  the  angles,  the 
Wedge  pieces  protrude  themselves  against  the  cylinder,  keeping  the  space 
always  filled.  These  pistons  have,  in  some  cases,  been  used  for  many  years 
without  requiring  alteration. 

Haying  now  duly  considered  the  construction  of  the  cylin- 
der^ or  seat  of  motional  and  the  means  of  distributing  the 
operative  power  so  as  to  produce  a  reverting  rectilinear 
action^  wc  shall  next  proceed  to  exhibit  the  manner  in  which 
this  action  is  transfeired,  so  as  to  maintain  its  continuance^ 

The  movement  of  a  four-way  cock  may  be  accomplished  by  a  plug-tree, 
whicb  is  a  perpendicular  rod  attached  to  the  beam  of  the  engine  as  repre« 
sented  in  i%.  187.  O  P  are  two  studs  or  pins  placed  at  such  a  distance 
from  each  other,  that  the  upper  one,  O,  shall  force  the  handle  N  to  the 
situation  of  N^,  just  as  the  piston  shall  have  reached  the  lower  part  of  the 
cylinder,  and  the  pin  P  is  so  placed  that  it  shall  carry  the  handle  to  its 
original  situation  at  the  time  wiien  the  piston  is  again  to  change  its  direo* 
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tlou.  But  the  plug-tree  is  now  seldom  used  in  engines  that  have  a  rotative 
motion;  and  wnere  there  is  no  rotative  motion,  the  engines  are  mostly 
single  action^  and  are  applied  only  to  the  purpose  of  pumping,  in  whicnr 
the  power  is  only  requirea  to  be  exerted  wlnlst  the  piston  is  descending. 

In  eugines  for  turning  mill-work,  where  a  rotatory  motion 
exists,  die  action  i«  grren  to  the  spindle  valves,  slidinf^ 
valves,  or  whatever  apparatus  is  used  for  the  same  object,  by 
means  of  a  rod  workmg  from  the  aids  of  the  fly- wheel  by^  an 
eccentric  motion. 

In  fig.  188,  the  small  circle  is  supposed  to  be  a  section  of  the  fiy-wheel^ 
shaft,  and  B  a  circular  piece  on  the  uiaft,  round  which  the  clips,  or  semi- 
circular pieces,  C  C,  are  fastened,  so  that  B  can  turn  on  them,  therefore 
when  the  revolring  of  the  shaft  A  carries  B  to  the  situation  of  the  dotted 
circle  B^  it  is  plain  that  it  will  have  forced  the  rod  in  an  horizontal  direc« 
tion  the  distance  from  the  centre  of  A  to  B',  and  wheti  in  the  course  of  its 
revolution  it  shall  have  brought  B  to  die  situation  B«,  it  will  have  moved  it 
a  similar  distance  in  a  contrary  direction,  consequently  the  total  ainount  of 
the  horizontal  motion  thus  communicated  to  the  rod  D££  will  be  ther  amount 
of  the  distance  from  B'  to  B^.  The  horizontal  is  converted  into  a  perpen- 
dicular motion  by  the  crank  kg  i  raising  and  lowering  the  rod  &,  upon 
which  the  slide  box  or  D  valves  is  fixed. 

The  method  for  moving  the  rods  of  concentric  valves  is  represented  in  fig. 
1B2*.  £  is  the  rod  from  the  eccentric  motion,  which,  by  its  backward  and 
forward  motion,  moves  the  ends //of  a  T  piece,  fiistened  on  the  centre  G, 
and  causes  them  to  move  alternately  upwards  and  downwards,  opening 
and  shutting  each  pair  of  valves  as  before  described. 

Fig.  190  represents  a  mode,  applicable  to  large  engines,  of  moving  either 
P  valves  or  slides  from  an  eccentric.  A  B  is  an  iron  plate,  capable  of 
vibrating  upon  its  centre  H ;  F  is  a  rod  from  the  eccentric,  moving  the  weight 
C  upon  a  roller  over  the  surface  of  A  B.  The  latch  pieces  D  D^  move  upon 
two  pins,  and  are  prevented  &lling  forwards  by  the  stops  M  N.  The  rod 
of  the  valves,  shown  at  e,  is  attached  by  the  lever  P  H  to  the  shaft  from  the 
centre  H.  The  two  stops,  £  and  G,  support  A  B  in  the  two  positions  shown, 
the  one  in  the  view,  the  other  by  the  dotted  lines.  When  the  rod  F  moves» 
it  carries  C  towards  A  by  the  eccentric  motion,  and  C,  acting  on  the  same» 
raises  the  latch  O,  and  permits  the  end  A  of  A  B  to  fsaill,  wlulst  tlie  end  B, 
in  rising,  latches  itself  at  DS  shown  in  the  dotted  representation  of  A  B.  By 
this  motion  H  F,  on  the  same  axis  H,  is  moved  downwards,  carrying 
with  it  the  rod  £  attached  to  the  slides ;  and  the  motion  ofC,  instantly 
clianging  towards  F,  acts  upon  the  other  latch  D^,  and  places  the  slides  in 
their  former  position. 

As  the  beam  of  all  engines  vibrates  upon  a  centre,  of 
course  it  performs  portions  of  a  drele  with  eadi  of  its  extremis 
ties;  and  as  the  rod  of  the  piston  is  required  to  move  up  and 
down  in  a  straight  line,  it  cannot  be  attached  to  the  end  of 
the  beam.  In  single  engines  of  the  old  construction,  where 
the  action  was  a  pull  at  both  ends  of  the  beam,  (at  the  one 
end  by  the  weight  of  the  pump-rod,  and  at  the  other  by  the 
down  stroke  of  the  piston,)  a  chain  was  a£Gixed  to  die  uppeic 


piiit  of  eadi  of  the  curved  ends  of  the  beam^  and  to  the  pump 
and  piston  rods,  as  represented  in  fig.  IJO,  which  answered 
the  required  purpose;  but  in  double-acting  engines,  where 
the  piston-rod  forces  upwards  as  well  as  puils,  some  other 
mode  of  converting  the  action  is  required.  The  most  perfect 
yet  introduced  is  the  parallel  motion,  the  principle  of  which 
may  be  comprehended  by  referring  to  fig.  ]91. 

Suppose  A  B  to  represent  one  end  of  a  beam,  ribrating^  on  its  centre  at 
A,  the  odier  end  B  will  perform  the  arc  C  C^,  and  canry  whatever  is 
attadied  to  it  in  the  direction  of  that  are;  then  suppose  anomer  rod,  G  H, 
of  equal  length  to  A  B,  vibrating  on  its  centre  G,  the  point  in  the  connect- 
ing piece,  L  II,  will,  by  the  vibrations  of  A  B  and  H  G,  move  upwards  and 
downwards  in  a  perpendicular  line.  For  so  much  as  the  curve  from  the 
radius  A  B  draws  it  towards  A,  so  much  will  the  curve  of  the  radius  H  G 
draw  it  towards  G,  and  the  movements,  correcting  each  other,  will  cause  t 
to  rise  and  fall  in  a  perpendicular  line. 

A  more  simple  mode,  which  answers  very  well  in  small  engines,  is  repre- 
sented in  fig.  192.  Tbe  sling  piece  attached  to  the  end  of  the  beam  has  a 
pair  of  rollers,  one  on  each  side,  which  press  on  each  side  of  the  guiding 
bars  DD  D  Dy  and  cany  the  piston,  attached  at  C,  in  a  perpendicular 
line. 

All  steam-engines  are  proportioned  to  go  at  a  settled 
rate,  and  to  make  a  certain  number  of  strokes  of  the  piston 
per  minute,  which,  reckoning  the  number  of  feet  the  piston 
travels  in  its  upward  and  downward  motion  in  the  cylmder, 
has  been  by  general  agreement  settled  at  200  to  220  feet 
per  minute. 

To  obtain  this  regularity  of  action,  it  is  manifest  that  a 
regularity  must  be  obtained  in  the  amount  of  power  that  is  to 
produce  the  movement ;  or,  in  other  words,  a  regular  amount 
of  elastic  force  must  be  exerted  at  each  stroke  of  the  piston. 
This  is  somewhat  difficult  to  accomplish,  and  depends  much 
upon  keeping  the  fire,  which  generates  the  steam,  of  a  uni- 
form heat ;  consequently  the  care  of  the  fire  shoidd  only  be 
intrusted  to  one  who  is  well  skilled  in  his  business.  There 
are,  however,  contrivances,  called  governors,  which  greatly 
assist  in  maintaining  a  regular  action,  and  where  very  great 
nicety  b  not  required,  they  produce  it  to  a  sufficient  extent. 

The  governor  (which  we  have  already  described  under  the 
article  *'  On  the  JEaualization  of  Motxony^  in  Mill-geerin^) 
acts  upon  the  principle  of  centrifugal  force,  and  is  applicable 
only  to  engines  that  have  a  rotative  motion. 

The  mode  of  applying  the  governor  is  by  connecting  it  by 
means  of  levers  to  a  throttle  valve,  shown  in  fig.  193.  A  B 
represents  a  section  of  the  pipe  that  conveys  the  steam  from 
the  boiler,  having  a  small  circular  fan  of  iron,  capable  of  being 
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turned  so  as  to  be  paraUel  with  the  line  of  the  pipe,  or 
of  lying,  across  it  in  such  a  manner  as  to  stop  the  com- 
munication. 

The  governor  is  placed  at  any  convenient  part  of  the  engine, 
upon  an  upright  spindle,  and  is  driven  either  by  a  band  or  by 
bevil-wheels,  from  the  fly-wheel  shaft.  When  the  fly-wheel 
increases  or  decreases  in  velocity  it  transmits  the  same  to  the 
governor,  and  causes  the  balls  to  fly  from,  or  approach  nearer 
to,  each  other;  and  the  lever  affixed  to  the  collar  of  the 
governor  turns  the  handle  C  of  the  throttle  valve,  which 
regulates  the  supply  of  steam,  and  produces  regular  motion. 

In  8iugle«acting  engines,  whicn  do  not  create  rotative 
motion,  this  sort  of  governor  cannnot  be  applied,  nor  is  it  de- 
cidedly adapted  to  the  sort  of  regulation  they  want ;  for  as 
they  act  only  one  way,  and  the  steam  being  entirely  shut  off  at 
the  end  of  every  stroke,  it  is  a  regulation  of  the  amount  of 
power  to  be  exerted  at  every  interval  which  is  sought,  rather 
than  a  continuous  equable  supply  of  steam. 

This  sort  is  most  wanted  in  engines  that  supply  towns*  with 
water,  as  when  the  different  districts  are  being  supplied,  the 
diversity  of  their  magnitude  and  situation  causes  a  consider- 
able variation  in  the  burden  thrown  upon  the  engine.  In 
engines  used  for  this  purpose  there  are  two  pieces  of  wood, 
called  spring-beams,  placed  across  each  end  of  the  beam, 
which,  when  the  burden  is  lightened,  and  the  engine  makes 
too  long  a  stroke,  strike,  as  they  descend,  the  upper  floor  of 
the  engine-house  and  ring  a  bell,  to  warn  the  attendant  that 
steam  must  be  shut  off  earlier,  or  that  the  upper  tapit  of  the 
plug-tree  must  be  moved  downwards.  In  engines  of  recent 
construction,  the  spring-beams  are  made  to  strike  a  lever, 
which  either  shuts  off  the  steam  entirely,  or  opens  a  cock  that 
admits  it  into  the  cylinder :  in  either  case  the  movement  of 
the  engine  deases. 

The  regulation  of  the  jJug-tree  tapit  is  obtained  by  intro- 
ducing a  pipe  from  the  water  in  the  air-vessel  to  a  small  cylin- 
der, having  a  working  piston.  The  water  from  the  air-vessel 
forces  against  the  under  side  of  the  piston  and  raises  it  and  its 
rod,  and  by  that  motion  the  tapit  of  the  plug-tree  is  raised  or 
towered  as  is  required.  This  mode,  from  error  in  construc- 
tiouyor  otherwise,  has  mostly  proved  inefficient  when  the 
burden  of  the  engine  is  liable  to  great  and  rapid  fluctua- 
tions. 

Such  is  the  general  construction  of  engines  now  in  use: 
but  there  are  many  ingenious  contrivances  in  boilers  which 
require  special  notice. 


AND   MACHINIST.  181 

Fig.  194  Tepresents  a  boiler  fitted  up  with  all  the  appendages  now 
generally  ai)phed,  and  set  in  a  iiimace  oi  a  proper  construction.  Part  of 
Sie  furnace  is  shown  in  a  sectional  view.  B  B  B  B  the  boiler,  the  operation 
of  which  has  been  described.  C,  the  steam-gauge,  represented  at  faige  in 
fig.  19<5.  Its  object  is  to  ascertain  the  pressure  acting  in  the  boiler.  It  is 
formed  of  a  bent  iron  tube,  at  one  end  A  communicating  with  the  boiler, 
and  at  the  other  end  B  open  to  the  atmosphere.  The  tube  is  filled  up  to 
C  and  D  with  mercury,  and  has  a  thin  piece  of  stick,  £,  placed  in  the  leg 

B,  which  floats  perpendicularly  in  the  mercury  at  D.  To  the  leg  B  is 
appended  a  flat  piece  of  brass,  divided  into  inches,  and  numbered  upwaids, 
to  form  a  scale.  The  stick  is  made  of  such  length  that  the  top  of  it  shall  be* 
even  with  the  first  mark  on  the  scale. 

If  the  steam  in  the  boiler  presses  against  the  mercuiy  at 

C,  and  raises  the  surface,  D,  one  inch,  (which  will  be  indicated 
by  the  end  of  the  stick  rising  to  1  upon  the  scale,)  it  proves 
that  there  is  one  half  pound  pressing  per  square  inch  against 
the  internal  surface  of  the  boiler,  tending  to  burst  it;  for  if 
the  section  of  the  bore  of  the  pipe  was  just  one  superficial 
inch  the  pressure  would  be  supporting  one  cubic  inch  of 
mercury,  which  will  be  found  to  weigh  near  half  a 
pound;  therefore  for  every  two  inches  rise^  one  pound 
pressure  may  be  reckoned,  and  as  condensing  eng^es 
seldom  work  with  more  than  three  or  four  poimds  pressuw 
upon  the  inch,  the  scale  need  not  be  longer  than  eight  or 
nine  inches. 

C^  is  a  strong  iron  plate,  covering  a  circular  or  oval  hole  of  about  18 
inches  diameter,  to  admit  a  man  into  the  boiler  with  a  view  to  clean  or 
examine  it. 

D  is  the  steam  pipe,  containing  the  throttle  valve  E,  to  which  the  rod 
from  the  governor  is  connected.  F  F  are  gauge  cocks.  1 1  is  a  feed  pipe 
ivhich  passes  into  the  boiler  and  reaches  very  near  to  the  bottom.  II H  H  ii 
the  cistern,  on  the  top  of  the  feed  pipe ;  t  i  is  a  float,  form^  of  stone,  and 
balanced  so  as  to  remain  always  on  the  surface  of  the  vrater  in  the  boiler. 
By  the  raising  and  falling  of  the  water  the  float  acts  upon  the  lever  K  K^ 
by  the  wire  I',  which  passes  tlirough  a  steam-tight  joint  at  I^,  and  as  the 
water  sinks,  draws  down  the  end  K,  which  raises  K\  and  the  valve  M 
attached  to  it.  By  this  contrivance  whien  the  boiler  requites  a  fresh  supply 
of  water  the  valve  M  opens  and  supplies  it  from  the  cistern  H  H  H  H. 

Tbe  feed  pipe  II  is  made  to  contain  a  column  of  water  equal  to  the 
amount  of  pressure  exerted  by  the  steam  in  the  boiler,  which  we  have 
already  stated  should  not  exceed  the  supporting  of  eight  inches  of  memuiy. 
As  one  indi  of  mercury  being  equal  in  weight  to  about  13i  inches  oi  water, 
the  pipe  should  be  about  nine  feet  high  firom  the  surflace  of  the  water  when 
the  Doiler  is  supplied ;  and  the  water  in  the  feed  pipe  should  stand  about 
three  feet  whentne  pressure  is  six  inches  of  mercury,  or  three  pounds  to  the 
square  inch  of  surface. 

The  feed  pipe  contains  likewise  an  iron  bucket  weight  O,  hung  by  a  chain 
that  passes  over  two  pullies,  PP ;  to  the  other  end  of  the  chain  is  attadied 
a  sheet  of  iron  called  a  damper.  When  the  steam  in  the  boiler  is  urged  tp 
too  great  an  extent,  it  forces  the  waU(er  in  the  feed  pipe  upwards,  and  raises 
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the  iron  budcet  weight  O,  which  lowers  the  damper  {nto  tl^e  4^^  of  4he 
chimney,  and  checks  the  force  of  the  fire. 

S  is  a  safety  valve,  loaded  with  a  determinate  weighty  zm  of  sm^h  ^ 
dimemfion  in  the  bore,  as  will  relieve  the  boiler  of  its  pressure  should  i^ 
arrive  beyond  a  certain  temperature.  It  b  enclosed  in  a  dLse^  to  prevent  the 
engine  tender  having  access  to  it,  as  some  engine  tenders  have  been  k^own 
to  load  the  safety  i^ves,  to  save  themselves  the  trouble  of  attending  U>  the 
fire  with  that  diligence  which  is  necessary,  and  by  which  they  havjc  endan- 
gered theii  own  hves  as  well  as  the  lives  of  others. 

A  pipe  proceeds  from  this  case  to  the  chimney,  to  carry  whatever  steam 
may  escape  into  the  flue  of  the  chimney. 

There  &  very  frequently  another  safety  valve,  which  is  open  to  the  view 
of  the  engine  tender,  to  indicate  when  the  fire  is  too  high. 

XT  is  a  flue  formed  of  sheet  iron,  and  parsing  lengthwise  through  the 
centre  of  the  boiler  so  near  to  the  bottom  that  it  is  always  covered  with  water. 

The  flame  and  smoke  from  the  fire  at  nn  passes  first  under  the  boiler, 
and  then  immediately  returns  back  through  this  flue,  then  dividing  itself 
passes  through  flues  which  lead  it  on  both  sides  the  boiler  to  the  chimney. 
^V\b  a  co^  for  the  purpose  of  emptying  the  boiler  when  required  to  be 
cleaned  or  repaired. 

Such  is  the  constractioii  and  general  arrangement  of  Ute 
parts  of  Messrs.  Boulton  and  Watt's  engines  both  single  and 
redprocating.  We  shall  now  proceed  in  the  examination  of 
Bome  other  forms  of  engines  which  likewise  condense  their 
steam 

Mr.  Homblower,  conceiving  he  could  obtain  greater  power 
from  the  complicated  force  of  steam  acting  in  two  cylinders, 
obtained  a  patent,  in  1 781,  for  that  object.  His  own  account, 
taken  from  the  specification,  we  here  transcribe. 

"First,'*  says  Mr.  H.,  "  I  use  two  vessels,  in  which  the 
steam  is  to  act,  and  which  in  other  engines  are  called 
cylinders.  Secondly,  I  employ  the  steam  after  it  has  acted 
in  the  first  vessel  to  operate  a  second  time  in  the  other^  by 
permitting  it  to  expand  itself,  which  I  do  by  connecting  the 
vessels  together,  and  forming  proper  channels  and  apertures, 
whereby  the  steam  shaU  occasionally  go  in  and  out  of  the  ^aid 
vessels.  Thirdly,  I  condense  the  steam,  by  causing  it  to 
pass  in  contact  with  metalline  surfaces,  while  water  is  applied 
to  the  opposite  side.  Fourthly,  to  discharge  the  engine  of 
the  water  used  to  condense  the  steam,  I  suspend  a  column 
of  water  in  a  tube  or  vessel  constructed  for  that  purpose,  aa 
the  principles  of  the  barometer,  the  upper  end  having  open 
commuiucation  with  the  steam  vesseLs,  and  the  lower  en4 
being  immersed  in  a  vessel  of  water.  FifkMy,  to  discharge 
the  air  which  enters  the  steam  vessels  with  the  condensing 
water  or  otherwise,  I  introduce  it  into  a  separate  vessel, 
whence  it  b  protruded  by  the  admission  of  steam.  Sixthly, 
that  the  condensed  vapour  shall  not  remain  in.  the  stcfini 
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vesaeL  ki  whkh  the  steam  is  ccmdensed,  I  cdllect  it  into 
another  vessel^  -which  has  open  communicadon  with  the  steam 
Tessels  and  the  water  in  the  mine,  reservoir,  or  river. 

<^  liMtljr,  in  cases  where  the  atmosphere  is  to  be  employed 
to  aei  on  the  piston,  I  use  a  piston,  so  constructed  %b  to 
aifanit  steam  round  its  x>^pher7,  and  in  contact  with  the 
sides  of  the  steam  vessel,  therebj^  to  prevent  the  external  air 
fiom  passing  in  between  the  piston  and  the  sides  of  the 
steam  veBueV* 

The  fsfiowing  is  a  descz^on  of  tlib  engine  by  the  inventor :  ^  Let  A  and 
B^  fig.  19<S,  represent  two  cylinders,  of  which  A  is  the  lai^gest;  a  piston 
moves  in  each,  having  their  rods,  C  and  D,  moving  diroagh  collars  at  £ 
and  F.  These  cylinders  may  be  supplied  with  steam  from  the  boiler  by 
means  of  a  square  pipe  G,  whidi  has  a  flanch  to  connect  it  with  the  rest  of 
the  steam  pipe.  Inis  square  part  is  represented  as  brandling  off  to  both 
cybnders:  e  and  d  are  two  cocks,  which  have  handles  and  tumblers  as 
usual,  worked  by  the  plug-beam  W.  On  the  fore  side  of  the  cylindets 
(that  is,  the  side  next  the  eye)  is  represented  another  communicating  pipe, 
whose  section  is  also  square,  or  rectangular,  having  also  two  cocks,  a,  6. 
The  pipe  Y,  immediately  under  ffae  cock  6,  establishes  a  communication 
tietween  the  upper  and  lower  parts  of  the  small  cylinder  B,  by  opening  the 
cock  6.  There  is  a  similar  pipe  on  the  other  side  of  the  cylinder  A,  imme- 
diately mider  the  codL  tf. 

^'  When  the  cocks  e  and  «  are  open,  and  the  cocks  b  and  d  are  shut,  the 
steam  from  the  boiler  has  free  admission  into  the  upper  part  of  the  small 
•cylinder  B ;  and  the  steam  from  the  lower  part  ot  B  has  free  admission 
into  Ae  upper  part  of  the  great  cylinder  A ;  but  the  upper  part  of  each 
cylinder  ha^  no  communication  with  its  lower  part. 

**  From  the  bottom  of  ^e  great  cylinder  proceeds  the  eduction  pipe  K^ 
having  a  valve  at  its  opening  into  the  cylinder;  it  then  bends  downward, 
and  is  connected  with  tne  conical  condenser  L.  The  condenser  is  fixed  on 
ahollow  box  M,  on  which  stand  the  pumps  N  and  O,  for  extracting  the  air 
and  water,  which  last  rmis  along  the  trough  T,  into  a  ciatem  U,  from  which 
it  is  raised  by  the  pump  V,  for  recruiting  the  boiler,  bemg  already  nearly 
boiling  hot.  Immediately  under  the  condenser  there  is  a  spigot  valve  at 
S,  over  which  is  a  small  jet  pipe,  reaching  to  the  bend  of  the  eduction  pipe 
K.  The  whole  of  the  condensing  apparatus  is  contained  in  a  cistern,  H, 
of  oold  water;  a  small  pipe,  P,  comes  from  the  side  of  the  condenser,  and 
tenninales  on  the  bottom  of  the  trough  X,  and  is  there  covered  with  a  valve, 
Q,  which  is  lept  tight  bv  the  water  that  is  always  running  over  it. 

''  Lastly,  the  pump-rods,  H,  cause  (he  outer  end  of  the  beam  to  preponderate, 
so  that  the  quiescent  position  of  the  beam  is  that  represented  m  the  figuxe, 
^le  pistons  being  at  the  top  of  &e  cylinders. 

**  Suppose  all  the  cocks  open,  and  steam  coming  in  copiously  from  the 
boSer,  and  no  condensation  going  on  in  L,  the  steam  must  drive  out  all 
tiie  9axj  and  at  last  foUow  it  through  the  valve  Q.  Now  shut  the  cocks  ^ 
-and  d,  and  open  the  valve  S  of  the  condenser ;  the  condensation  will 
inamediately  commence,  and  draw  off  the  steam  from  the  lower  part  of  the 
gtcat  cylinder.  There  is  now  no  pressure  on  the  under  side  of  the  piston 
of  the  great  blinder  A,  and  it  immediately  descends.  The  communication, 
Y,  between  the  lower  part  of  the  small  cylinder,  B,  and  the  upper  part  of 
the  great  cylinder.  A,  being  open,  the  steam  will  go  from  the  lower  part  of 
B  into  the  space  left  by  the  descent  of  the  piston  ofA.    It  must,  therefofe» 
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«xpaody  and  its  elasticity  must  diminish^  and  will  no  longer  balance  the 
pressure  of  the  steam  coming  from  the  boiler,  and  pressing  above  the  piston 
ofB. 

^  This  piston,  therefore,  if  not  withheld  by  the  beam,  would  descend  till  it 
came  in  equilibuo,  from  having  steam  of  equal  density  above  and  below  it. 
But  it  cannot  descend  so  fast ;  for  the  cylinder  A  is  larser  than  B,  and  the 
arch  of  the  beam,  at  which  the  great  piston  is  suspended,  ia  no  longer  than 
the  arm  which  supports  the  piston  of  B ;  therefore,  when  the  piston  of  B 
has  descended  as  far  as  the  beam  will  permit  it,  the  steam  between  the  two 
pistons  occupies  a  larger  space  than  it  did  when  both  pistons  were  at  the 
top  of  their  cylinders,  and  its  density  diminishes  as  its  bulk  increases.  Hie 
steam  beneath  the  small  piston  is,  therefore,  not  a  balance  for  the  steam  on 
the  upper  side  of  the  same,  and  the  piston  B  will  act  to  depress  the  beam 
^th  all  the  difference  of  these  pressures. 

''The  slightest  view  of  the  subject  must  show  the  reader,  that  as  the  pistons 
descend,  the  steam  that  is  between  them  will  grow  continually  rarer  and  less 
elastic,  and  that  both  pistons  will  draw  the  beam  downvrards.  Suppoee 
now,  that  each  one  had  reached  the  bottom  of  its  cylinder,  shut  the  cock  a, 
and  the  eduction  valve  at  the  bottom  of  A,  and  open  the  cocks  b  and  d. 
Hie  communication  being  now  established  between  the  upper  and  lower 
part  of  each  cylinder,  their  pistons  will  be  pressed  equally  on  the  upper 
and  lower  surfaces;  in  this  situation  nothing,  therefore,  ninders  the  counter- 
weight from  raising  the  pistons  to  the  top. 

*<  Suppose  them  arrived  at  the  top  :  the  cylinder  B  is  at  this  time  filled 
with  steam  of  the  ordinary  density,  and  the  cylinder  A  with  an  equal 
absolute  quantity  of  steam^  but  expanded  into  a  larger  space.  Shut  the 
cocks  b  and  d,  and  open  the  cock  a,  and  the  eduction  valve  at  the  bottom  (^ 
A,  the  condensation  will  again  operate,  and  cause  the  pistons  to  descend ; 
and  thus  the  operation  may  be  repeated  as  long  as  steam  is  supplied;  and 
once  full  of  the  cylinder  B  of  ordinary  steam,  is  expended  auring  eacl^ 
working  stroke." 

The  cocks  of  this  engine  are  composed  of  two  flat  circular 
plates^  ground  very  true  to  each  other,  and  one  of  them  turns 
round  on  a  pin  through  their  centres :  each  is  pierced  with 
three  sectorial  apertures,  exactly  corresponding  with  each 
other f  and  occupying  a  little  less  than  one  half  of  their  surfaces* 
By  turning  the  movable  plate  so  that  the  apertures  coincide, 
a  large  passage  is  opened  for  the  steam ;  and  by  turning  it  so 
that  the  solid  part  of  the  one  covers  the  aperture  of  the 
other,  the  cpck  is  shut.  Such  regulators  are  now  very  com- 
mon in  the  cast-iron  stoves  for  warming  rooms.  Mr.  Horn- 
blower's  contrivance  for  making  the  collars  for  ihe  piston 
rods  air-tight  is  thus  i  the  collar  is  in  fact  two,  placed  at  a 
small  distance  from  each  other,  and  a  small  pipe,  branching 
off  from  the  steam  pipe,  coii^municates  with  the  space  between 
the  collars.  This  steam,  beipg  a  little  stronger  than  the 
pressure  of  the  atmosphere,  effectually  prevents  the  air  from 
penetrating  through  the  upper  collar;  and  though  a  little 
jsteam  should  get  through  the  lower  collar  into  the  cylinder 
Af  it  can  do  no  harm.    The  manner  of  making  this  stuffing* 
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box  ts  as  follows :  on  the  top  of  the  cylinder  is  a  box  to 
contain  something  soft^  yet  pretty  close,  to  embrace  the 
piston-rod  in  its  motion  up  and  down;  and  this  is  usually  a 
sort  of  plaited  rope  of  white  yam^  nicely  laid  in,  and  rammed 
down  gently^  occupying 'about  a  third  of  its  deptli ;  upon  that 
is  placed  a  sort  of  tripod,  having  a  flat  ring  of  brass  for  its 
upper,  and  another  for  its  lower  part ;  and  these  rings  are  in 
breadth  equal  to  the  space  between  the  piston-rod  and  the 
side  of  the  box.  This  compound  ring  being  put  on  over  the 
end  of  the  piston-rod,  another  quantity  of  this  rope  is  to  be 
put  upon  it,  and  gently  rammed  as  before ;  then  there  is  a 
hollow  space  left  between  these  two  packings,  and  that  space 
is  to  be  supplied  with  strong  steam  from  the  boiler*  Thus  is 
the  packing  about  the  piston-rod  kept  in  such  a  state  as  to 
prevent  the  air  from  entering  the  cylinder  when  at  any  time 
there  may  be  a  partial  vacuum  above  the  piston. 

Mr.  Homblower's  description  of  this  en^e  was  followed 
by  a  mathematical  investigation  of  the  principles  of  its  action, 
by  the  ingenious  Professor  Robison,  which  demonstrates  that 
it  is  the  same  thing  in  effect  as  Mr.  Watt's  expansion  en^ne; 
but  though  this  is  true,  there  is  a  considerable  difference  in 
the  steps  by  which  the  effect  is  attcaned,  which  gives  an 
important  advantage  when  it  is  reduced  to  practice.  We 
shall  give  an  investigation  in  a  more  popular  form,  using  only 
common  arithmetic.  Mr.  Homblower  assumed,  that  the 
power  or  pressure  of  steam  is  inversely  as  the  space  into 
which  the  steam  is  expanded ;  this  is  the  case  with  air,  and 
for  the  present  we  will  grant  it  to  be  so  with  steam,  and 
reason  from  the  same  data  as  the  ingenious  inventor  gives  us. 

To  explain  clearly  what  passes  in  the  two  cylinders,  we 
must  deviate  from  the  precise  form  of  the  engine,'  and  divert 
ourselves  of  one  complication  of  ideas,  by  reducing  both  cylio«< 
ders  to  the  same  stroke ;  therefore,  suppose  the  engine  to  be 
made  like  fig.  197,  which  represents  the  two  cylinders  placed 
one  upon  the  other,  the  lower  one  being  double  the  capacity  of 
the  upper  one,  and  both  pistons  being  attached  to  the  same 
rod,  which  may  be  applied  to  the  end  of  the  beam,  so  that  the 
descent  of  the  pistons  must  draw  up  the  load  at  the  opposite 
end  of  the  beam. 

Then,  if  we  suppose  the  small  piston  to  be  ten  inches  in 
diameter,  the  great  piston  must  be  14,14  inches;  and  to 
avoid  all  difficulties  of  the  ratio  of  the  e^roansion,  and  the 
pressure  of  steam,  we  will  suppose  the  engine  to  be  worked 
by  the  pressure  of  atmospheric  air  instead  of  steam ;  and  for 
the  convemence  of  round  numbers  in  our  calculation  we  wiU 
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jcotuAier  the  pressure  at  only  ten  pounds  per  cbcnUur  inch  on 
the  Burfoce  ctf  the  pistop. 

The  area  of  the  sn^all  piston  wiU  be  100  circular  inches, 
and  being  assumed  to  move  without  friction,  the  pressure  upon 
it  will  be  10  X  ]00>^  1000 pounds.  The  area  of  tte  great 
piston  is  twice  as  muchy  or  300  cirpular. inches,  and  the 
pressure  2000  pounds. 

Suppose  both  pistons  to  be  zl  the  top  of  their  respective 
cylinders ;  let  the  atmospheric  sir  be  admitted  to  press  freely 
upon  the  upper  surfeee  ot  the  small  piston  5  and  suppose  the 
space  between  the  two  pistons  filled  with  air  of  tne  same 
density,  while  there  is  a  perfect  vacuum  made  in  the  bwer  part 
of  the  great  cylinder,  beneath  its  piston. 

Under  these  ckcumstaaces,  ike  two  pistons  will  begin  to 
descend  with  something  less  than  2000  pounds  of  pressure  on 
the  great  piston,  by  the  air  contained  in  the  space  between  the 
two  pistons  bearing  on  the  200  inches  of  surfEice  with  a  weight 
of  10  pounds  per  indd  $  and  beneath  this  piston  there  is  no- 
thing to  counteract  the  pressure*  At  the  same  time,  the  small 
piston,  having  air  of  equal  density  above  and  below  it,  is  Sn 
equilibrio. 

This  force  would  balance  a  load  of  2000  pounds ;  but  sup<- 
pose  we  flUmiaish  the  load  to  1000  pounds,  then  the  pistons 
will  immediately  begin  to  descend ;  but  they  will  soon  stop^ 
because  the  air  between  the  two  pistons  must  expand  itself,  to 
fiU  the  increasing  space  occasicmed  by  the  equal  descent  of 
both  pistons  in  the  cylinders,  one  <^  which  is  twice  the  area 
of  the  other ;  and  as  the  air  becomes  rarer,  its  pressure  on  the 
great  piston  must  diminish.  Now  s^  this  same  diminution 
occasions  the  small  piston  to  have  a  power  of  descent,  we 
will  first  consider  the  pistons  separately,  and  then  conjointly, 
in  theur  power  of  desc^it,  with  which  they  dmw  down  the 
beam. 
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Upon  the  action  of  this  engine  Dr.  Rees,  in  his  Cyclopiediay 
presents  us  with  the  following  remarks  and  comparative 
statement  between  it  and  Mr.  Watt's  principle  of  emansion. 

Now  let  us  consider  how  Mr.  Watt  s  principle  of  expan- 
sion would  operate  in  the  same  circumstance ;  that  is^  in  a 
cylinder  of  14,14  inches  diameter ;  which  is  to  be  supplied 
with  air  of  10  pounds  pressure  per  circular  inch,  until  it  has 
completed  one-half  of  its  descent,  and  leaving  the  remainder 
of  the  descent  to  be  accomplished  by  the  expansion  of  the 
air  already  contained  in  the  upper  half  of  the  cylinder. 

Or 

At  the  beginning,  the  power  of  descent  will  be 2000 

At  one-fourth,  the  power  will  still  be 2000 

At  one-half^  the  power  will  be 2000 

At  three-fourths  of  the  descent,  the  power  will  be  diminished  to    .    1333^ 

Because  the  air  must  occupy  one-fourth  of  the  length  of  the 
cylinder,  in  addition  to  that  half  of  the  cylinder  which  it  occupied 
l)efore  the  expansion  began;  therefore  the  space  is  one  and  a  half 
times  the  former,  or  as  3  to  2,  and  the  pressure  will  be  two-thirds 
of  2000. 
At  the  bottom',  the  pressure  will  be 1000 

Because  the  air  is  expanded  to  occupy  twice  the  space  it  filled 

before.  

8333^ 

The  sum  total  is  very  nearly  the  same  as  the  former,  but 
both  are  greater  tlian  they  should  be,  from  the  imperfect 
manner  in  which  we  have  been  obliged  to  make  our  calcula- 
tion, so  as  to  express  it  in  common  arithmetic,  udthout 
having  recourse  to  fluxions,  which  is  the  only  method  of 
treating  quantities  that  are  constantly  increasing  or  decreasing 
by  any  given  law. 

The  source  of  the  inaccuracy  is  easilv  explained  :  at  first 
we  set  with  the  pressure  at  2000  pounds  m  Mr.  Homblower's 
engine,  and  did  not  take  into  the  account  that  it  decreases 
at  all,  until  the  piston  has  descended  to  one-fourth,  but 
reasoned  as  though  it  diminished  all  at  once  at  that  place ; 
whereas  it  began  to  diminish  from  the  very  first  starting. 
Here  then  we  have  taken  a  small  quantity  too  much.  In  the 
same  manner,  our  process  takes  no  notice  of  the  diminution 
which  happens  between  one-fourth  and  one-half  of  the 
descent,  or  between,  the  other  points  at  which  we  have 
chosen  to  examine  it ;  the  result  is,  as  if  the  diminution  took 
place  suddenly  at  each  of  those  points.  The  remedy  for  this 
would  have  oeen  to  have  taken  the  account  at  a  greater 
number  of  places,  as  it  is  by  fluxions  alone  that  we  can  take 
an  infinite  number,  so  as  to  obUun  a  true  result.    Now  in  the 
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decond  calculation  of  Mr.  Watt's  expansion-engine^^  we  hare 
taken  a  still  less  number  of  steps  for  the  consideration  of  the 
expansion,  because,  altliough  there  are  four  steps  in  the 
process,  two  of  them  are  before  the  ejqpansion  begins. 

This  is  the  reason  of  the  apparent  difference  i  for  in  reality 
there  is  none  in  the  sum  total  of  the  varying  powers  exerted 
through  the  whole  stroke,  as  will  appear  to  any  person  who 
will  take  the  trouble  to  read  Professor  Kobison's  investiga- 
tion. But  if  we  consider  the  difference  of  the  manner  in 
which  the  whole  power  is  escpended  during  the  stroke,  we 
shall  see  great  reason  to  prefer  Mr.  Homblower's  metiiod, 
firom  the  much  greater  uniformity  of  the  action ;  it  begius  at 
2000,  and  ends  at  1500,  whilst  Mr.  Watt's  begins  at  2000, 
and  ends  at  1000 ;  hence  the  necessity  of  those  ingenious 
contrivances  for  equalizing  the  action  in  Mr.  Watt's  patent  of 
1782.  Mr.  Homblower's  is  not  uniform,  but  approaches 
uniformity  more  nearly,  so  that  he  could  have  carried  the 
effect  of  die  expansive  principle  much  farther,  in  employing 
stronger  steam,  than  we  believe  he  ever  proposed  to  do. 

We  have  been  thus  fiiU  upon  this  subject,  because  the 
gaining  more  power  by  the  expansion  of  air  or  steam  acting 
in  double  cylinders,  has  been  a  fevourite  idea  with  many, 
and  there  are  no  less  than  five  different  patents  for  it,  but 
several  of  these  have  been  upon  mistaken  notions;  neither 
Mr.  Watt's  nor  Mr.  Homblower's  can  have  any  advantage 
from  shutting  off  the  air^  or  from  a  double  cylinder,  when  air 
is  used  to  press  the  piston ;  nor  could  they  derive  any  advan- 
tage from  the  expansion  of  steam  in  their  engines,  if  the 
pressure  of  it  was  inversely  as  the  space  it  occupies. 

The  advantage  of  the  expansive  principle  arises  wholly 
from  a  peculiar  property  of  steam,  by  which,  when  suffered 
to  expand  itself  to  fill  a  greater  space,  it  decreases  in  pressure 
or  elastic  force  by  a  certain  law,  which  is  not  fully  laid  down ; 
that  is,  the  relation  between  its  expansive  force  and  the 
space  which  it  occupies  is  not  clearly  decided :  but  Mr. 
Woolf  has  found  that,  by  appl^ng  these  properties  in  their 
fullest  extent  to  the  double-cylinder  engine,  he  can  make 
most  important  improvements  in  the  effects  which  can  be 
obt^ed  from  any  given  quantity  of  fuel.  Steam  is  a  fluid 
so  different  from  air,  as  to  have  no  one  property  in  common 
with  it,  except  elasticity.  This  elasticity  is  wholly  derived 
from  the  quantity  of  heat  which  it  contains,  and  its  force 
increases  and  diminishes  with  the  quantity  of  heat ;  but  by 
what  law  it  increases  or  diminishes  we  are  uncertain,  because 
we  have  no  measure  of  the.  actual  quantity  of  heat  which  is 
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contained  in  steam  of  any  giren  elasde  force^  All  vrt  Itnow" 
with  dertainty  is  what  is  stated  in  our  table  of  expsinsioft^ 
viz.  that  water,  bemg  converted  into  steam,  and  confined  in 
a  close  vessel,  when  heated  until  the  thermometer  indicates 
a  certain  temperature,  will  have  a  certain  pressure  or  elastic 
force.  But  here  we  must  observe,  that  the  thermometer 
indicates  only  the  intensity  of  the  heat,  without  affording  a 
direct  measure  of  its  quantity.  When  steam  is  suffered  to 
expahd  itself  into  any  given  space,  the  quantity  of  rarefied 
water'  which  will  be  found  to  be  contained  in  any  given  bulk 
of  steam,  in  its  expanded  state,  must  be  undoubtedly  propor- 
tioned to  the  quantity  of  water  contained  in  the  same  bulk 
of  the  steam,  before  the  expansion  took  place,  in  the  inverse 
ratio  of  the  space  which  it  originally  occupied,  and  that  space 
which  it  fills  when  expanded ;  but  we  cannot  say  that  this 
is  the  case  with  heat ;  and  it  is  the  quantity  of  heat  alone 
which  determines  the  elastic  force. 

We  believe  thjCt,  in  practice,  Mr.  Hornblower  was  not  able 
to  obtaiii  any  greater  effect  from  the  application  of  the, 
expansive  action  in  two  cylinders,  than  Mr.  Watt  did  in  one 
cylinder.    In   1791-^2,  he  erected  an  engine  in  Cornwall 
at  Tin-Croft  mine,   of  which  the  large  cylinder  was  27  inches 
diameter,  and  worked  witl^  a  stroke  of  eight  feet  long,  and 
the  smaU  cylinder  21  inches  diameter,  worldng  with  a  six 
feet  stroke.    The  only  account  we  have  been  able  to  obtain 
of  the  performance  of  this  engine,  is  from  a  ptun^ihlet  pub- 
lished by  Thomas  Wilson,  an  agent  of  Messrs.  Boulton  and 
Watt,  professedly  with  a  view  to  prevent  the  introduction  of 
Mr.  Hornblower  s  engines  into  that  country,  in  which  be 
makes  it  appear,  that  it  raised  only  14,22^,120  pounds  of 
Water  one  foot  high  with  each  bushel  of  coals. 

In  Mr.  Hornblower's  own  account  of  his  engine,  in  Gre- 
gory's Mechanics,  he  informs  us,  '^That  an  engine  was 
erected  in  the  vicinity  of  Bath,  some  years  since,  on  this 
principle,  and  under  very  disadvantageous  circumstances, 
the  engine  had  its  cylinders  19  inches  and  24^  inches  dia- 
meter, with  lengths  of  stroke  in  each  suitable  to  the  occasion : 
viz.  six  feet  and  eight  feet  respectively.  The  condensing 
apparatus  was  very  bad,  through  a  fear  of  infringement  on 
Mr.  Watt's  patent,  and  the  greatest  degree  of  vacuum  which 
could  be  obtdned,  was  no  more  than  2j  inches  of  mercury. 
The  engine  worked  four  lifts  of  pumps  to  the  depths  of  576 
feet,  4500  pounds,  14  strokes  in  a  minute,  six  feet  each,  with 
a  cylinder  six  feet  long,  and  19  inches  diameter,  with  a 
great  deal  of  inertia  and  friction  in  the  rods  and  backets ; 
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some  of  fSke  latter  of  wUeh  itcire  not  nioi^  than  3^  inches 
iHancAer:  and  this  it  did^  under  all  these  disadvantageous 
cireamstances^  with  70  pounds  of  ooal  (light  coal)  per  hour." 

To  reduce  Ous  to  Che  standard  of  one  foot  high,  we  must  put  the  load 
4500  pounds  x  6  feet  stroke  »  27,000  pounds  which  the  engine  raised 
one  foot  high  at  every  stroke;  27,000  pounds  x  14  strokes  per  mhmie  » 
37d/)00  pounds  raised  one  foot  hiffh  each  minute ;  378,000  pounds  x  Go 
»  ^^680,000  pounds  raised  one  foot  hish  per  hour,  or  with  70  pounds 
of  coals.  As  the  coals  are  stated  to  be  light,  we  will  take  them  at  only 
84  pounds  per  bushel,  instead  of  88  pounds,  as  Mr.  Smeaton  did,  and 
say  as  70  podnd^  :  2^,660,800  pounds  : :  84  pounds  :  27,2 10,000  pounds  of 
water  raised  one  Ibot  higb  ^ith  a  bushel  of  coals,  which  is  a  yery  good 
perftmnenc^  b«t  dot  greater  thin  Mr.  Watt's. 

In  this  etkfpitey  Mr.  Homblower  says  lliat  t^ro  renMrkable 
dreumstances  presented  themselves  to  show  the  advanti^es 
of  this  application  of  the  principle :  the  one  was,  that  the 
man  who  attended  d^e  engine  would  sometimes  detach  the 
smaller  cylinder  from  the  beam,  and  work  only  with  the  large 
one,  and  then  the  hoHer  would  scarcely  raise  steam  enou^ 
to  keep  the  engine  going;  bnt  no  sooner  was  the  small 
cylinder-rod  attached  to  the  beam,  than  the  engine  resumed 
its  wonted  actirify,  and  the  stebm  Would  blow  up  the- 
safety-valve. 

The  next  cii'cumstance  is,  that  when  the  detent,  which 
kept  the  ei^ttstiiig  valve  shut,-  happened  to  miss  its  action, 
the  piston  would  be  checked,  as  it  were,  not  being  permitted 
to  rise  through  the  whole  of  the  returning  stroke ;  and  it 
would,  as  by  an  intoitite  nature,  come  down  a^ain  and 
again,  ontlf  tiie  detent  performed  its  office,  which  is  a 
practical  alr^ment  foi^  the  power  of  lihe  engine  at  the  ter- 
mination of  Its  stroke. 

Several  enj^es  have  been  constructed  upon  the  princi- 
jdesof  admitting  a  further  expansion  of  the  steanl  in  a  second 
cylin<fer.  The  one,  however,  which  has  been  most  effectually 
tried  by  comparison,  is  that  which  goes  by  the  name  of 
Woott's  engine.  An  account  of  which  we  transcribe,  toge-^ 
ther  with  other  improvements  in  the  nnnor  parts,  which 
from  their  ine^enuity  a:r^  worthy  of  notice. 

In  18M,  Mr.  Arthur  Woolf  had  a  patent  for  improvements 
in  steam-engines.  The  speclficKtioa  of  his  indention  stated^ 
that  he  has  ascertained  by  actual  experiment,  and  reduced  to 
practice^  the  following  particulars  respecting  the  expansibility 
of  steam.  That,  in  practice,  it  is  feund  Uiat  steam,  acting 
with  the  expansive  force  of  four  pounds  pressure  per  square 
inch  against  a  safety-valve  exposed  to  the  atmosphere,  is 
capable  of  expanding  itself  to  four  times  the  volume  it  then 
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occupies,  and  still  to  be  equal  to  the  pressure  of  the  atmo-' 
sphere :  that,  in  like  manner,  steam  of  the  force  of  five  pounds 
the  square  inch,  can  expand  itself  to  five  times  its  volume  f 
and  that  masses  or  quantities  of  steam  of  the  like  expansive 
force  of  six,  seven,  eight,  nine,  or  ten  pounds  pressure  per 
square  inch,  can  expand  to  six,  seven,  eight,  nine,  or  ten 
times  their  volume,  and  still  be  respectively  equal  to  the 
atmosphere,  or  cf^pable  of  producing    a    sufficient  action 
against  the  piston  of  a  steam-engine,  to  cause  the  same  to 
rise  in  the  atmospheric  engine  of  Newcomen  with  a  counter- 
poise, or  to  be  carried  into  the  vacuous  part  of  the  cylinder 
of  the  improved  engine,  first  brought  into  effect  by  Mr.  Watt : 
that  this  ratio  is  progressive,  and  nearly,  if  not  entirely,  uni- 
form ;  so  that  steam  pressing  with  the  expansive  force  of  20, 
30,  40,  or  50  pounds  the  square  inch  agsdnst  a  common 
safety-valve,  will  expand  itself  to  20,  30,  40,  or  50  times  its 
volume ;  and  that,  generally,  as  to  all  the  intermediate  or 
higher  degrees  of  elastic  force,  the  number  of  times  which 
steam  of  any  t(»nperature  and  force  can  expand  itself,  is  nearly 
the  same  as  the  nmnber  of  pounds  it  is  able  to  sustain  on  a 
square  inch  exposed  to  the  common  atmospheric  counter- 
pressure  }  provided  always,  that  the  space,  place,  or  vessel,  in 
which  it  is  allowed  to  expand  itself,  be  kept  at  the  same  tem- 
perature as  that  of  the  steam,  before  it  is  allowed  room  to 
expand. 

Respecting  the  different  degrees  of  temperature  required 
to  bring  steam  to,  and  maintain  it  at,  different  expimsive 
forces  above  the  weight  of  the  atmosphere,  Mr.  Woolf  states^ 
tliat  be  has  found  by  actual  experiment,  setting  out  from  the 
boiling  point  of  water,  or  212°  of  Fahrenheit,  at  which  degree 
steam  of  water  is  only  equal  to  the  pressure  of  the  atmo- 
sphere ;  that,  in  order  to  give  an  increased  elastic  force  equal 
to  five  pounds  on  each  square  inch,  the  temperature  must  be 
raised  to  about  227i°,  when  it  will  have  acquired  a  power  to 
expand  itself  to  five  times  its  volume,  and  stUl  be  equal  to  the 
atmosphere,  and  capable  of  being  applied  as  such  in  the  work- 
ing of  steam-engines  according  to  his  invention.  Various 
other  pressures,  temperatures,  and  expansive  forces  of  steam, 
are  shown  in  the  following  table. 
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Woolf's  Table  pf  the  reiatwt  pressures  per  square  inch  ; 
the  temperature  and  ejcpmisilnlity  of  steam  at  different 
degrees  of  heat  above  the  boiling  point  of  water,  begin^ 
ning  with  the  temperature  of  steam  of  an  elastic  farce 
equal  to  five  pounds  per  square  inch,  and  extending  to 
steam  able  to  sustain  forty  pounds  on  the  square  inch. 


Fouiidtper 
SifuKlncb. 


Degrees  o^ 
Heftt. 


Stemm  of  an 
elastic  force 
predondnat- 
ing  orer  the 
preasare  of 
the  atmo- 
sphere upon 
a  safety-valve 


requires  to  be 
^maintained  by 
^a  temperatare*^ 

equal  to  about 


230i 
2321 
235i 
237i 
239$ 
250$ 

259;$ 

267 
273 
278 
282 


and  at  these 
respective  de- 
grees of  heat,^ 
steam  can  ex- 
pand itself  to 
about 


times  its  vo- 
lume ^and  con- 
tinue equal  ill 
^elasticity  to 
the  pressure 
of  the  atmo- 
sphere. 


And  so  in  like  manner,  by  small  additions  of  temperature, 
an  expansive  power  may  be  given  to  steam  to  enable  it  to 
expand  to  50,  60,  70,  80,  90,  100,  200,  300,  or  more  times 
itis  volume,  wiUiout  any  limitation  but  what  is  imposed  by  the 
frangible  nature  of  every  material  of  which  boilers  and  other 
parts  of  steam-engines  can  be  made.  Prudence  dictates  that 
the  expansive  force  should  never  be  carried  to  the  utmost 
which  the  materials  can  bear,  but  rather  be  kept  considerably 
within  that  limit. 

Having  thus  explained  the  nature  of  his  discovery,  Mr. 
.Woolf  proceeds  to  give  a  description  of  his  improvements 
grounded  thereon. 

If  the  engine  is  constructed  originally  with  the  intention  of 
adopting  these  improvements,  it  ought  to  have  two  steam 
cylinders  of  different  dimensions,  and  proportioned  to  each 
pdier,  according  to  the  temperature  or  the  expansive  force 
determined  to  be  communicated  to  the  steam  made  use  of  in 
working  the  engine ;  for  the  smaller  steam-vessel  or  cylinder 
must  be  a  guide  for  the  larger.  For  example ;  if  steam  of 
forty  pounds  the  square  inch  is  fixed  on,  then  the  smaller 
cylinder  should  be  at  least  one-fortieth  part  the  contents  of 
the  larger  one.  Each  cylinder  should  be  furnished  with  a 
piston,  and  the  smaller  cylinder  should  have  a  communica- 
tion, both  at  its  top  and  bottom,  (top  and  bottom  being  here 
employed  merely  as  relative  terms,  for  the  cylinders  may  be 
worked  in  a  horizontal,  or  any  other  required  position,  as  wellas 
vertical,}  with  the  boiler  w^ich  supplier  the  steam ;  and  the 
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communications,  by  means  of  cocks  or  mlves  at  any  construe' 
tion  adapted  to  the  use,  are  to  be  alternately  opened  and  shut 
daring  tbe  working  of  the  engine.  The  top  of  the  small  cylin- 
der should  have  a  comranmcation  with  the  bottom  of  the  larger 
cylinder,  and  the  bottom  of  the  smaller  one  with  the  top  of 
the  larger,  with  proper  means  to  open  and  shut  them  alter- 
nately by  cocks,  valves,  or  any  other  well-known  contrivance. 
And  both  the  top  and  bottom  of  the  larger  cylinder  should, 
while  the  engine  is  at  work,  communicate  alternately  with  a 
condensing  vessel,  into  which  a  jet  of  water  is  admitted  to 
hasten  the  condensation  }  or  the  condensing  vess^  may  be 
cooled  by  any  other  means  calculated  to  produce  that  effect. 

This  Arrangement  being  made,  when  the  engine  is  set  to 
work,  steam  of  a  Ugh  tenrnerature  is  admitted  from  the 
boiler  to  act  by  its  eku^tic  force  on  one  side  of  the  smaller 
piston,  while  the  steam  which  had  last  moved  it  has  a  com- 
munication with  the  larger  steam- vessel  or  cylinder,  where  it 
follows  the  larger  piston,  now  moving  towards  that  end  of  its 
cylinder  which  is  open  to  the  condensrag  vessel.  Let  both 
pistons  end  their  stroke  at  one  time ;  and  let  us  now  suppose 
them  both  at  the  top  of  their  respective  cylinders,  ready  to 
descend ;  then  the  steam  of  forty  pounds  the  square  inch^ 
entering  above  the  smaller  piston,  wUl  carry  it  downwards ; 
while  the  steam  below  it,  instead  of  being  allowed  to  escape 
into  the  atmosphere,  or  appHed  to  any  other  purpose,  will 
pass  into  the  larger  cyHnder  above  its  piston^  which  .will 
make  its  downward  stroke  at  the  same  time  that  the  piston 
of  the  smaller  cylinder  is  doing  the  same  thing ;  and  while 
this  goes  on,  the  steam  which  last  filled  the  larger  cylinder  in 
the  upward  stroke  of  the  engine  will  be  passing  into  the  con- 
denser, to  be  condensed  during  the  downward  stroke.  When 
the  pistons  in  the  smaller  and  larger  cyHnder  have  thus  been 
nuide  to  descend  to  the  bottom  of  their  respective  cylinders, 
then  the  steam  from  the  boiler  is  to  be  shut  off  from  the  top, 
and  admitted  to  the  bottom  of  the  smaller  cylinder.  The 
communication  between  the  bottom  of  the  smaller  and  the  top 
of  the  larger  cylinder  is  also  to  be  cut  off ;  and  the  communi- 
cation is  to  be  opened  between  the  top  of  the  smaUer  and  the 
bottom  of  the  linger  cylinder.  The  communication  between 
the  bottom  of  the  larger  cylinder  and  the  condenser  is  to  be 
cut  off,  and  the  steam  which,  in  the  downward  stroke  of  the 
engine,  filled  the  upper  part  of  the  larger  cylinder,  sufiEered 
to  flow  off  to  the  condenser.  The  engine  will  then  make  its 
upward  stroke  from  the  pressure  of  the  steam  in  the  top  of  ttie 
small  cylinder  acting  beneath  the  piston  of  the  great  cylinder^ 
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fimd  80  on  alternately^  admitting  the  steam  to  the  different 
sides  of  the  smaller  piston^  while  the  steam  last  admitted  into 
the  smaller  cylinder  passes  alternately  to  the  different  sides 
of  the  larger  piston  in  the  larger  cylinders :  the  top  and  bot- 
tom of  whidi  are  at  the  same  time  made  to  communicate 
alternately  with  the  condenser. 

In  an  engine  working  in  the  manner  just  described^  while 
the  steam  is  admitted  on  one  side  of  the  piston  into  the 
smaller  cylinder,  the  steam  on  the  other  side  has  room  made 
for  its  admission  into  the  larger  cylinder,  on  one  side  of  its 
piston^  by  the  condensation  taking  place  on  the  other  side  of 
the  large  piston  which  is  open  to  the  condenser;  and  tihat 
waste  of  steam  which  takes  place  in  engines  worked  only  by 
the  expansive  force  of  steam,  from  steam  passing  the  piston, 
is  prevented ;  for  all  steam  that  passes  the  piston  in  the 
smaller  cylinder  is  received  into  the  larger. 

In  such  an  engine,  where  it  may  be  more  convenient  for  any 
particular  purpose,  the  arrangement  may  be  altered,  and 
the  top  of  the  smaller  made  to  communicate  with  the  top  of 
the  larger  cylinder;  in  which  case  the  only  difference  will  be, 
that  when  die  piston  in  the  smaller  cylinder  descends,  that 
in  the  laiger  wUl  ascend,  and  vice  versd ;  which,  on  some 
occasions,  may  be  more  convenient  than  to  have  the  two 
{Astons  moving  in  the  same  direction. 

This  engine  is  exactly  the  same  in  its  action  as  Mr.  Hom- 
Uower's,  which  we  have  before  described.  The  novelty  con- 
sists in  the  application  of  steam  of  a  high  pressure  thereto,  and 
in  proportioning  the  capacities  of  the  two  cylinders  to  the 
expansibility  of  the  steam,  according  to  his  table.  But  Mr. 
W.  goes  on  to  state,  that  effectual  means  must  be  used  to 
keep  up  the  requisite  temperature  in  all  parts  of  the  ap*- 
paratus  into  which  the  steam  is  admitted,  and  in  which  it  is  not 
intended  to  be  condensed ;  and  here  it  may  be  proper  to  state, 
that  instead  of  the  usual  means  of  accomplishing  this,  by  en* 
dosing  them  in  the  boiler,  or  in  a  steam-case  communicating 
with  t£e  boiler,  a  separate  fire  may  with  advantage  be  made 
imder  the  steam-case  containing  the  cylinders,  which  in  that 
event  will  become  a  second  boiler,  and  must  be  furnished 
with  a  safety-valve,  to  regulate  the  temperature.  By  means 
<rfthe  last-mentioned  arrangement,  the  steam  from  tfaes  mailer 
cylinder,  or  steam  measurer,  may  be  admitted  into  the  latger 
cylinder,  when  kept  at  a  higher  temperature  than  the  steam 
in  the  smaller  cylinder,  by  which  its  power  to  expand  itself 
may  be  increased ;  and,  on  the  contrary,  by  keeping  the 
fau^r  cylinder  at  a  lower  temperature  than  the  smaller,  itii 
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expansibility  will  be  lessened,  which,  on  particular  occasionfl, 
and  for  particular  purposes,  may  be  desirable.  In  every  case 
care  must  be  taken  that  the  boiler,  or  case  in  which  the  cylin- 
der is  enclosed,  the  steam -pipes,  and  generally  all  the  parts 
exposed  to  the  action  of  the  expansive  force  of  the  steam,  shall 
have  a  strength  proportioned  to  the  high  pressure  to  which 
they  are  to  be  exposed. 

It  is  not  advisable  that  the  proportion  of  the  capacity  of 
the  smaller  cylinder,  or  steam-measurer,  to  the  capacity  of  the 
larger  or  working  cylinder,  should  in  any  case  be  smaller  than 
the  proportion  of  the  expansion  of  the  steam  which  is  to  be 
used  in  it,  as  we  have  stated,  yet,  in  the  making  of  it  larger, 
considerable  latitude  may  be  allowed;  for  example,  with 
steam  of  forty  pounds  the  square  inch,  a  small  cylinder,  or 
measurer,  of  one-twentieth,  or  even  larger,  instead  of  one  of 
fortieth  the  capacity  of  the  larger  or  working  cylinder,  and  so 
with  steam  of  any  given  strength.  And  in  many  cases,  it  may 
be  advisable  that  this  should  be  the  case,  because  of  the 
difficulty  of  preventing  some  waste  of  steam,  or  partial 
condensation,  which  might  lessen  the  rate  of  working, 
if  not  allowed  for  in  the  size  of  the  small  cylinder  or  steam- 
measurer. 

In  all  cases  when  the  engine  is  ready  for  working,  whatever 
may  be  the  proportion  that  has  been  adopted,  or  intended  to 
be  worked  with,  it  should  have  its  power  tried  by  altering  the 
load  on  the  valve  that  ascertains  the  force  of  the  steam,  in 
order  that  the  strength  of  steam  best  adapted  for  the  engine 
may  be  ascertained,  for  it  may  turn  out  to  be  advantageous, 
that  the  steam  should  be  employed  in  particular  engines  of 
an  elastic  force  somewhat  over  or  under  what  was  first 
intended. 

Mr.  Woolf  also  states,  that  Mr.  Watt's  en^nes  may  be 
improved  by  the  application  of  his  discovery  in  making  the 
boiler,  and  the  steam-case  in  which  the  working  cylinder  is 
enclosed,  much  stronger  than  usual,  and  by  altering  the 
structure  and  dimensions  of  the  valves  for  admitting  steam 
from  the  boiler  into  the  cylinder  in  such  a  manner  that  the 
steam  may  be  admitted  very  gradually  by  a  progressive 
enlargement  of  the  aperture,  so  as  at  first  to  wiredlraw  the 
steam  and  afterwards  to  admit  it  more  fi-eely.  The  reason  o* 
this  precaution  is  this,  that  steam  of  such  elastic  force  as 
Mr  Woolf  proposes  to  employ,  if  admitted  suddenly  into  the 
cylinder,  would  strike  the  piston  with  a  force  as  would  en- 
danger the  safety  and  durability  of  the  engine.  The  aperture 
alitowed  for  admitting  steam  into  the  cylLider,  or  cylindets. 
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^ould  be  regulated  by  the  following  conBideration.  If  the 
intention  is  that  the  engine  should  work  wholly^  or  almost 
wholly^  by  condensation,  the  steam,  in  passing  into  the  cylin- 
der, should  be  forced  to  wiredraw  itself  only  so  much  that  the 
piston  may  perform  the  whole,  or  a  great  part  of  the  stroke, 
by  the  time  that  the  intended  quantity  of  steam  has  been  ad- 
mitted into  the  cylinder.  For  example,  when  steam  of  forty 
pounds  on  the  square  inch  is  used,  such  a  quantity  of  it  must 
be  allowed  to  enter  as  shall  be  equal  to  one-fortieth  of  the 
capacity  of  the  cylinder,  and  so  in  proportion  when  steam  of 
any  other  force  is  employed ;  and  when  the  requisite  quantity 
has  been  admitted,  the  steam  is  to  be  shut  off  till  the  proper 
moment  for  admitting  a  fresh  quantity.  But  if  it  is  intended 
that  advantage  shall  also  be  taken  of  the  elastic  force  of  the 
steam  acting  on  one  side  of  the  piston,  while  condensation 
goes  on  on  t£e  other  side,  then  the  steam  must  be  admitted 
more  freely,  but  still  with  caution  at  first,  for  the  reason 
already  mentioned. 

This  latter  is  the  same  thing  as  Mr.  Watt's  expansion 
engine ;  but  with  the  addition  of  gradually  diminishing  the 
aperture  of  the  steam- valve  as  the  piston  descends,  instead  of 
stopping  it  altogether  at  a  certain  portion  of  the  descent,  by 
which  means  the  action  of  the  engine  is  rendered  more  uni- 
form. We  think  that,  by  regulating  the  descent  of  the  valve 
by  an  accurate  movement,  a  very  good  effect  may  be  pro- 
duced in  this  manner,  without  the  copiplication  of  two  cylin- 
ders or  other  parts. ;  the  only  objection  is,  that  if  at  any  time 
the  valve  should  be  fiilly  opened  by  accident,  the  pressure 
might  suddenly  become  so  great,  from  the  strong  steam  act- 
ing upon  the  fuU  suiface  of  the  piston,  as  to  break  the  engine 
to  pieces. 

in  1805,  Mr.  Woolf  took  out  a  second  patent  for  further 
improvements,  in  which  he  proposes,  as  before,  to  apply  fire  to 
the  cylinder  itself,  to  heat  the  steam  after  it  ip  thrown  into 
the  working  cylinder ;  and  this  was  to  be  done  by  a  fire 
being  placed  beneath  the  case  containing  the  cylinder :  the 
space  between  the  case  and  the  cylinder  was  to  be  filled  with 
oil,  wax,  fusible  metal,  or  mercury.  He  also  proposes  a 
method  of  preventing  the  passage  of  any  of  the  steam  from 
that  side  of  the  piston  which  is  acted  upon  by  the  steam,  to 
the  other  side,  which  is  open  to  the  condenser.  In  those 
steam-engines  which  act  as  double  engines,  he  effects  this  by 
employing,  upon  or  about  the  piston,  a  column  of  mercury 
or  fluid  metal,  in  an  altitude  equal  to  the  pressure  of  the 
0team.     The   efficacy  of  this  arrangement  will,  he  says, 
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appear  obvious,  from  attei^ng  to  what  takes  place  in  the 
woridng  such  a  piston.  When  the  piston  is  ascending, 
that  is,  when  the  steam  is  admitted  below  it,  the  space  on 
its  upper  side  being  open  to  the  condenser,  the  steam,  endea- 
vourmg  to  pass  up  by  the  side  of  the  piston,  is  met,  and 
effectually  prevented  by  the  column  of  metal,  equal  or  su- 
perior to  it  in  pressure,  and  during  the  down  stroke,  no 
steam  can  possibly  pass  without  first  forcing  all  the  metal 
through. 

lu  working  what  is  called  a  single  engine,  a  less  consider- 
able altitude  of  metal  is  required,  because  the  steam  always 
acts  on  the  upper  side  of  the  piston ;  and  in  this  case,  imI,  or 
wax,  or  fat  ot  animals,  or  similar  substances,  in  sufficient 
quantities,  will  answer  the  purpose.  But  care  must  be  taken, 
either  in  the  double  or  single  engine,  when  working  with  this 
piston,  that  the  outlet  which  conveys  the  steam  to  the  con- 
denser shall  be  so  situated,  and  of  such  a  size,  that  the  steam 
may  pass  freely,  without  forcing  before  it,  or  carrying  with  it, 
any  of  the  metal  or  other  substance  emj^oyed  that  may  have 
passed  by  the  piston ;  and  at  the  same  time  providing  another 
exit  for  the  metal,  or  other  substance  o^ected  at  the  bottom 
.of  the  cylinder,  to  convey  the  same  into  a  reservoir  kept  at  a 
proper  heat,  whence  it  is  to  be  returned  to  the  upper  side  of 
the  piston  by  a  smaU  pump,  worked  by  the  engine,  or  by 
some  other  contrivance.  In  order  that  the  fluid  metal  used 
with  the  piston  may  not  be  oxydated^  some  oil  or  other  fluid 
substance  is  always  to  be  kept  on  its  surface,  to  prevent  its 
eoming  in  contact  with  the  steam  ;  and  to  prevent  the  neces- 
sity of  employing  a  large  quantity  of  fluid  metal,  although 
the  piston  must  be  as  thick  as  the  depth  of  the  column  re- 
quired, the  diameter  need  be  only  a  little  less  than  the  steam- 
vessel  or  working  cylinder,  excepting  where  the  packing,  of 
other  fitting,  is  necessary  to  be  applied ;  so  that,  in  fact^ 
the  column  of  fluid  metal  fi>rmf!  only  a  thin  body  round  the 
piston.     . 

We  have  seen  an  engine  of  an  eight-horse  power  of  this 
kind  at  woik,  with  a  fluid  metal  on  the  pistons :  it  effectually 
prevented  the  leakage.  But  as  it  required  to  have  the  cylin- 
ders twice  as  long  as  usual,  in  order  to  have  sufficient  room 
for  the  long  or  thick  pistons  which  it  reauired,  and  as  these 
pistons  must  be  of  considerable  weight,  uie  method  is  not  at 
all  applicable  in  practice ;  and,  indeed,  tht  increase  of  the  bull| 
of  the  moving  parts  is  such  as  to  counterbalance  the  advan- 
la;xc,  whirh  is  confined  to  the  saving  of  steam  by  leakage : 
for   the  IVictioi)  must  be  greater  than   hi  another  engine. 
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becansellieputtoB  taamt  bepadied  as  tight  m  usual,  to  be  able 
to  fltt^taisi  a  «ohiiim  of  flttid  metals  which  mast  be  more  than 
equal  inpiessme  to  that  of  the  steam;  and  when  the  steam 
preaaes  m^a  the  piston,  the  preseure  of  the  fluid  metal  to  leak 
hy  the  piston  must  be  doable  that  of  the  steam :  also  the 
faction  of  so  great  a  surface  of  fluid  metal  pressing  against 
die  naide  of  &e  cylinder  »  rerv  ^reat. 

la  1810,  Mr.  Woolf  had  a  third  patent,  the  object  of  which 
is  to  prevent  the  waste  of  steam  from  leakage  by  the  piston. 
For  this  purpose,  he  does  not  allow  the  steam  to  come  to  the 
piston  at  all,  but  causes  it  to  act  in  a  difierent  vessel,  and 
tranamitB  the  action  thereof  to  the  piston  by  oil  or  fluid  metal: 
thus,  at  the  ^de  of  the  cylinder,  he  places  a  separate  vessel, 
communicating  with  the  lower  part  of  the  cylinder  by  a 
large  pipe  or  passage  from  the  bottom  of  each ;  then 
steam,  being  admitted  into  this  vessel,  will  press  upon 
the  Burfiace  of  the  oil  or  fluid  metal  contained  in  it,  and 
force  the  same  to  pass  out  of  that  vessel  into  the  cylinder, 
where  it  will  act  beneath  the  piston  to  press  the  same  up^ 
wards,  a  vacumn  beuigat  the  same  time  made  in  the  upper 
part  of  the  cylinder  to  give  effect  to  the  pressure. 

The  steam  is  then  made  to  press  upon  the  upper  sur&ce 
of  the  piston,  which  is  always  covered  with  a  quantity  of  the 
fluid ;  and  at  the  same  time  a  vacuum  is  made  in  the  separate 
vessel,  so  as  to  relieve  the  surface  thereof  from  all  pressure ; 
in  consequence  the  pisten  is  .made  to  descend.  It  is  evident 
that  the  piston  must  foe  packed  so  tight  as  to  suffer  none  of  the 
fluid  to  pass  by  it ;  but  this  is  easy,  in  comparison  with  the 
difficulty  of  making  a  packing  sufficiently  tight  to  resist  the 
passage  of  steam,  particularly  when  it  is  so  rare  as  the  ex- 
panded steam  which  Mr.  Woolf  sometimes  uses  in  his 
engine.  The  sniarate  vessel  of  which  we  have  spoken,  is  in 
some  cases  to  be  the  jacket  or  space  which  surrounds  the 
cylinder,  which  is  then  to  be  open  at  bottom. 

This  contrivance  is  ingenious,  but  we  think  the  necessity 
of  an  additional  cylinder  is  an  objection  which  will  prevent 
its  adoption  in  large  engines;  and  for  small  engines  th^ 
advantages  are  not  so .  great. 

Since  his  first  patent,  Mr.  Woolf  has  erected  several  small 
engines,  which  performed  well,  and  with  an  evident  economy 
of  fuel.  But  these  engines  being  employed  to  turn  mills,  of 
which  the  operations  do  not  afford  so  exact  an  estimate  of  the 
power  as  tJie  operation  of  pumping  water,  Mr.  Woolf  s 
engines  did  not  come  to  a  direct  and  indisputable  comparison 
with  those  on  Mr.  Watt's  principle,  untU  1815,  when  two 
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large  engines  were  set  to  work  in  Cornwall^  at  Wheal  Vor 
And  Wh^  Abraham  mines,  for  pumping  water ;  and  these 
have  since  been  regularly  reported  m  Messrs.  T«  and  J. 
Lean's  reports,  and  of  which  one  of  the  objects  was  to  ascer^r 
tain  the  comparative  merit  of  the  double  and  single  cylinder 
engines. 

Hie  report  for  May,  1815,  states  the  average  perfonnance  of  these  two 
c]?gin£S  at  40,980,882  lbs.  lifted  one  foot  high  for  eadi  bushel  of  coals ;  and 
since  that  time  they  have  done  more  than  50,000,000  lbs. 

The  engine  at  Wheal  Vor  has  a  great  cylinder  of  53  inches  diameter,  and 
nine-feet  stroke;  and  the  small  cylinder  is  about  one-fifth  of  the  contents 
of  the  great  one.  The  engine  works  six  pumps,  whi(^  at  every  stroke,  raise 
a  load  of  water  of  37,982  lbs.  weight  7^  feet  high,  which  is  the  length  of  the 
stroke  in  the  pumps.  This  makes  a  pressure  of  14,1  lbs.  per  square  inch  on 
the  surface  of  the  great  piston,  and  it  makes  7,6  strokes  per  minute.  With 
respect  to  its  consumption  of  coals,  it  raised,  in  Mardi,  1816, 48,432,7021bs. 
one  foot  high  with  each  bushel ;  April,  1816,  44,000,000  lbs. ;  May,  1816, 
49,500,000  lbs. ;  and  in  June,  1816, 43,000,000  lbs. 

From  the  same  reports  we  learn,  that  the  engine  at  Wheal  Abraham  mine 
has  a  great  cylinder  of  45  inches  diameter,  workine  with  a  seven-feet  stroke, 
at  the  rate  of  8,4  strokes  per  minute  under  a  load  of  24,050  lbs.,  which  it 
raises  seven  feet  at  each  stroke.  Its  performance  during  the  above  four 
months  was  50,000,000  lbs. ;  50,908,000  lbs. ;  in  BiaT>  56,917,312  lbs., 
which,  we  believe,  is  the  greatest  performance  ever  made  by  a  steam-engine  i 
and  in  June,  51,500,000  lbs. 

We  must  obsenre^  that  the  variation  in  the  perfonnance 
of  different  steam-engines,  which  are  constructed  upon  the 
same  principle,  and  working  under  the  same  advantages,  is 
the  same  as  would  be  found  in  the  produce  of  the  labour  of 
so  many  different  horses,  or  other  animals,  when  compared 
with  their  consumptive  food  3  for  the  effects  of  difiterent 
steam-engines  will  vary  as  much  from  small  differences 
in  the  proportions  of  their  parts,  as  the  strength  of  animals 
from  the  vigour  of  their  constitution ;  and,  agaip,  there  will 
be  as  great  differences  in  the  performance  of  the  same 
engine,  when  in  bad  or  good  order,  from  all  the  part^ 
being  tight  and  well  oiled,  so  as  to  move  with  little  friction^ 
as  there  is  in  the  labour  of  an  animal,  from  his  being  iu  gooa 
or  bad  health,  or  excessively  fatigued  ;  but  in  all  cases,  there 
will  be  a  maximum  which  cannot  be  exceeded,  and  an  average 
which  we  ought  always  expect  to  attain. 

Fig.  198  is  a  sketch  to  show  the  arrangement  of  the  valves  and  cylinders 
of  these  two  engines ;  A  is  the  large  cylinder,  and  B  the  little  cylinder,  each 
enclosed  in  its  steam-case.  The  steam  is  admitted  from  the  boiler  into  the 
steam-case  of  the  large  cylinder  A,  by  a  communication  at  C  ;  and  there  is 
a  communication  between  this  steam-case  and  that  of  the  small  cylinder ; 
so  that  all  the  steam  for  the  supply  of  the  engine  passes  through  both  of  tlie 
steam-cases,  which  therefore  become  ny  t  of  the  communication  between  >he 
boiler  and  the  little  cylinder,  into  wluch  the  steam  is  first  admitted.     Q 
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furoishos  m  comrauDication  for  carryifig  back  to  the  boiler  any  water  which 
may  be  produced  by  oondensation  in  the  steanM^ase,  before  the  engine  is 
heated  to  the  proper  temperature.  £  is  the  pipe  from  the  steam-case  to 
supply  the  engine ;  it  has  a  regulating  valve.  F  is  the  valre-box  of  the 
small  cylinder,  the  spindle  of  the  one  valve  working  through  that  of  the 
other ;  and  the  passage  for  the  steam  from  the  case  into  the  small  cylinder  is 
situated  between  the  two  valves.  G  is  the  valve  that  opens  the  communi- 
cation ^tween  the  bottom  of  the  small  cylinder  B  and  the  top  of  the  large 
cylinder  A,  when  the  piston  thereof  is  to  be  pressed  down.  H  is  the  valve 
that  returns  the  steam  from  abov«  to  below  the  large  piston,  when  the  piston 
is  to  ascend.  And  I  is  the  exhaustion-valve^  to  cany  oiT  the  steam  to  the 
condenser. 

When  the  engine  makes  its  down-stroke,  the  upper  valve  at  F  is  opened, 
and  admits  the  steam  from  the  case  to  press  upon  tne  small  piston,  the  ?alve 
G  being  opened  at  the  same  time,  which  sufiers  the  steam  to  pass  from  the 
under  side  of  the  small  to  the  upper  side  of  the  large  piston ;  and  the  valve  I 
is  opened  to  make  a  passage  from  beneath  the  great  piston  to  the  condenser. 
These  three  upper  valves,  F,  G,  I,  open  at  the  same  instant  of  time. 

When  both  pistons  arrive  at  the  bottom  of  their  respective  cylinders,  these 
three  valves  are  shut  altogether,  and  the  lower  steam-valve  at  F  is  opened, 
to  return  the  steam  from  iuK>ve  to  below  the  small  piston,  the  valve  K  doing 
«he  same  to  the  large  cylinder,  and  both  pistons  return  in  equilibrio  by  the 
counter-weight ;  but  the  upper  valve  at  F  can  be  shut  off  at  any  part  of  the 
stroke,  according  to  the  loaa  of  the  engine. 

Those  who  are  conversant  with  steam-engines  will  per- 
ceive, from  the  passing  of  the  steam,  as  above  described,  from 
the  upper  to  the  lower  side  of  each  of  the  pistons  respectively, 
that  the  engines  at  Wheal  Vor^  and  at  Wheal  Abraham,  are 
at  present  working  with  a  single  stroke.  Were  these  engines 
working  double,  the  steam  would,  on  the  down-stroke,  be 
made  to  pass,  the  same  as  before  described,  from  the  under 
side  of  the  small  to  the  upper  side  of  the  large  piston,  steam 
from  the  boiler  in  the  mean  time  coming  in  upon  the  small 
piston,  and  the  under  side  of  the  large  piston  being  open  to 
the  condenser;  but  on  the  up-stroke,  the  action  would  be 
different  from  what  we  have  described,  for  the  steam  would 
pass  from  the  top  of  the  small  cylinder  to  beneath  the  large 
piston,  while  steam  would  be  admitted  from  the  boiler  under 
the  snoall  piston,  the  top  of  the  large  cylinder  being  open  to 
the  condensfM'. 

The  boilers  which  Mr.  Woolf  employs  in  his  en^nes  are 
different  frt)m  those  of  other  engines  which  work  with  steam 
4>f  a  low  pressure,  the  water  being  contained  in  small  cylin- 
drical tubes  of  cast-iron,  which  are  filled  with  water,  and 
exposed  to  the  flame  nearly  in  an  ho^zontal  position. 

Mr,  Woolf  has  a  patent  for  this  boiler,  which  the  specifica- 
tion states  to  consist  of  two  or  more  cylindrical  vessels, 
properly  connected  together,  and  so  disposed,  as  to  constitute 
jSL  strong  and  fit  receptaclje  for  Ae  water  intended  to  be  con- 
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verted  into  steam  of  a  temperature  and  under  a  pressure 
uncommoiily  high^  and  also  to  present  an  extensive  portion 
of  convex  surface  to  the  current  of  flame  and  heated  air  from 
a  fire;  likewise  of  other  large  cylindrical  receptacles  placed 
above  the  former  cylinders,  and  properly  connected  with 
them,  for  the  purpose  of  containing  some  water  and  the 
steam. 

These  cylindrical  vessels  are  set  in  a  furnace  so  adapted  to 
them,  as  to  cause  the  greater  part  of  the  surface  of  each  of 
them,  or  as  much  of  the  surface  as  may  be  convenient,  to 
receive  the  direct  action  of  the  fire,  or  heated  air  or  flame. 

Figs.  199  and  200  represent  one  of  these  boilers  in  its  most  simple  fbnn. 
It  consists  of  eight  tuoes  marked  a,  made  of  casUiroo,  or  any  other  fit 
metal,  which  are  each  connected  with  the  larger  cylinder  A,  placed  above 
them,  as  is  shown  in  the  side  view,  fig.  200,  in  winch  the  same  letters  refer 
to  the  same  parts  as  in  fig.  199.  In  ng.  200  is  also  shown  the  manner  in 
which  the  fire  is  made  to  act.  The  fuel  rests  on  the  grate-bars  at  B,  and 
the  fiame  and  heated  air,  being  reverberated  from  the  part  above  the  two 
first  smaller  cylinders,  go  under  the  third,  over  the  fourth,  under  the  fifth, 
over  the  sixth,  under  the  seventh,  and  partly  over  and  partly  under  the 
eighth  small  cylindric  tube,  all  which  tubes  are  full  of  water.  The  direc- 
tion of  the  flame,  until  it  reaches  the  last-mentioned  tube,  is  shown  by  the 
dotted  curved  lines  and  arrows.  When  it  has  reached  that  end  of  the 
furnace,  it  is  carried  by  the  flue,  O,  to  the  other  side  of  a  wall,  built 
beneath  the  main  cylinder  A,  in  the  direction  of  its  length,  and  the  flame 
then  returns  under  the  opposite  end  of  the  seventh  smaller  cylinder  over 
the  sixth,  under  the  fifth,  over  the  fourth,  under  the  third,  over  the  second, 
and  partly  over  and  partly  under  the  first,  when  it  passes  into  the  chimney. 
The  wall  before-mentioned,  which  divides  the  furnace  longitudinally, 
answers  the  double  purpose  of  lengthening  the  course  which  the  flame  and 
heated  air  have  to  traverse,  giving  off  heat  to  the  boiler  in  the  passage,  and 
also  of  securing  the  flanges,  or  other  joinings,  employed  to  unite  the 
smaller  tubes  to  the  main  cylinder,  from  being  injured  by  the  fire.  The 
ends  of  the  small  cylindric  tubes  rest  on  the  brickwork  which  forms  the 
sides  of  the  furnace,  and  one  end  of  each  of  them  is  furnished  with  a  cover, 
secured  in  its  place  by  screws  and  a  flanch,  but  which  can  be  taken 
off  at  pleasure,  to  allow  the  tubes  to  be  cleared,  from  time  to  time,  from 
any  incrustation  or  sediment  wnich  may  be  deposited  in  them. 

To  any  convenient  part  of  the  main  cylinder  A,  a  tube  is  affixed,  to 
convey  the  steam  to  the  steam-engine.  In  working  with  such  boilers,  the 
water  carried  off"  by  evaporation  is  replaced  by  water  forced  in  by  the 
usual  means  for  a  high  pressure  boiler,  that  is,  ,a  forcing-pump ;  and  the 
steam  generated  is  carried  to  the  place  intended  by  means  of  pipes  con^ 
nected  with  the  upper  part  of  the  cylinder  A.  In  the  specification,  means 
are  pointed  out  for  applying  this  plan  to  the  boilers  of  steam-engines 
already  in  use,  by  ranging  a  row  of  cylinders  beneath  the  present  boiler,  and 
connecting  them  with  each  other,  and  with  the  boiler.  Directions  are  also 
given  for  constructing  boilers  composed  of  cylinders  disposed  vertically. 
In  every  esse  the  tubes  composing  the  boiler  should  be  so  combined  and 
arrdnged,  and  the  furnace  so  constructed,  as  to  make  the  fire  and  fla  uc  iivit 
around  and  over  the  tubes,  so  as  to  ^ibrace  the  largest  possible  Ci;iant:ry 
Qf  their  surface.     It  must  be  obvious  to  any  one,  tliat  tlie  tubes  may  V.c 
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made  of  any  kind  of  metal ;  but  cast-iron  is  the  most  convenient.  The  size 
of  the  tubes  may  be  varied ;  but  in  every  case,  care  should  be  taken  not  to 
make  the  diameter  too  great;  for  it  must  be  remembered,  that  the  larger 
the  diameter  of  any  single  tube  is  in  such  a  boiler,  the  stronger  it  must  be 
made  in  proportion,  to  enable  it  to  bear  the  same  expansive  force  of  steam 
as  the  smaller  cylinders.  It  is  not  essential,  however,  to  the  invention, 
that  the  tubes  should  be  of  different  sizes ;  but  the  upper  cylinders,  espe- 
cially the  one  which  is  called  the  steam  cylinder,  should  be  larger  than  the 
lower  ones,  it  being  the  reservoir,  as  it  were,  into  which  the  lower  ones 
send  the  steam,  to  be  thence  conveyed  away  by  the  steam-pipe.  The 
following  general  directions  are  given  respecting  the  quantity  of  water  to  be 
kept  in  a  boiler  of  this  construction ;  viz.  it  ought  always  to  fill,  not  only 
the  whole  of  the  lower  tubes,  but  also  the  great  steam  cylinder  A,  to  about 
half  its  diameter,  that  is,  as  high  as  the  fire  is  allowed  to  reach ;  and  in  no 
case  should  it  be  allowed  to  get  so  low,  as  not  to  keep  the  vertical  necks, 
or  branches,  which  join  the  smaller  cylinders  to  the  great  cylinder,  full  of 
water,  for  the  fire  is  only  beneficially  employed  when  applied,  through  the 
medium  of  the  interposed  metal,  to  water,  to  convert  it  mto  steam ;  that  is, 
the  purpose  of  the  boiler  would  in  some  measure  be  defeated  if  any  of  the 
parts  ot  the  tubes  which  are  exposed  to  the  direct  action  of  the  fire,  should 
present  a  surSaice  of  steam  in  their  interior,  instead  of  water,  to  receive  the 
transmitted  heat.  This  must,  more  or  less,  be  the  case,  whenever  the  lower 
tubes,  and  even  a  part  of  the  upper,  are  not  kept  filled  with  the  water. 

Respecting  the  fiiniace  for  this  kind  of  boiler^  it  should 
always  be  so  built  as  to  give  a  long  and  waving  course  to  the 
flame  and  heated  air,  forcing  them  the  more  effectually  to 
strike  against  the  sides  of  the  tubes  which  compose  the 
boiler,  and  so  to  give  out  the  greatest  possible  portion  of 
their  heat  before  they  reach  the  chimney.  Unless  this  be 
attended  to,  there  will  be  a  much  greater  waste  of  fuel  than 
necessary,  and  the  heat  communicated  to  the  contents  of  the 
boiler  wUl  be  less  from  a  given  quantity  of  fuel. 

When  very  high  temperatures  are  not  to  be  employed,  the 
kind  of  boUer  just  described  is  found  to  answer  very  well ; 
but  where  tbe  utmost  force  of  the  fire  is  desirable  for  pro- 
ducing the  most  elastic  steam,  the  parts  are  combined  m  a 
manner  somewhat  different,  though  tne  principle  is  the  same. 
In  the  Philosophical  Magaziney  vol.  xvii.  p.  43,  is  a  descrip- 
tion and  drawing  of  a  boiler  of  this  kind,  two  of  which  were 
erected,  in  1803,  at  Messrs.  Meux's  brewery. 

In  every  case  Mr.  Woolf  uses  two  safety-valves,  at  least, 
in  his  apparatus,  to  prevent  accidents ;  a  precaution  which 
cannot  be  too  strongly  enforced,  as  it  may  happen,  when  but 
one  is  employed,  that  by  some  accident  it  may  get  locked, 
and  the  engine  and  people  about  it  be  exposed  to  the  danger 
of  an  explosion. 

In  those  engines  of  Mr.  Woolf  s  which  we  have  seen,  he 
employs  boOers  like  the  one  described,  viz.  with  two  small 
tubes  beneath,  which  are  full  of  water,  and  exposed  to  the 
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immediate  action  of  the  flame,  communicating  by  perpen- 
dicular necks  or  branches  with  the  large  cylinder  above^ 
which  has  water  in  the  lower  part,  and  steam  in  the  upper. 
The  only  difference  from  what  we  have  above  describ^  is, 
that  the  lower  and  upper  tubes  are  placed  in  the  same  direc- 
tion, instead  of  being  at  right  angles  to  each  other ;  and  the 
flame  proceeds  in  the  direction  of  their  lengthy  instead  of 
crossing  them ;  the  lower  or  water  tubes  are  rather  inclined 
upwards.  The  metal  of  these  tubes  is  made  very  thick, 
with  a  view  to  strength  and  durability. 

The  idea  of  making  boilers  for  raising  strong  steam  by  a 
number  of  small  tubes,  which  can  be  made  stronger  than  one 
large  vessel,  is  not  original  with  Mr.  Woolf,  Mr.  Blakey,  of 
whom  we  have  before  spoken,  having  proposed  it  in  a  small 
tract  which  he  published  in  French,  at  the  Hague,  in  1776. 
But  his  tubes  were  to  be  placed  over  each  other,  in  an 
inclined  direction,  and  th^  water,  being  admitted  at  the  upper 
end,  ran  down  within  the  heated  inclined  tubes,  and  beotme 
converted  into  steam. 

Woolf  *8  regulating  steam-'Valve* — ^Besides  the  common 
safety-i^ves,  Mr.  Woolf  has  also  introduced  a  valve  of  a  new 
construction  into  the  steam-pijpe  itself,  to  rq^idate  the  quan- 
tity that  shall  pass  from  the  boiler.  In  frict,  it  is  a  self-acting 
steam-regulator,  and  extremely  mgenious. 

A  (fig.  201)  is  a  part  of  the  great  or  steam  cylinder  of  one  of  Mr.  WoolT' 
boilers ;  ^  B,  the  neck  or  outlet  for  the  steam,  surmounted  by  a  steam-bo9 
C,  which  is  joined  to  the  neck  B  B,  by  the  flanges  a,  a.  The  top  or  cova 
of  the  steam-box  C»  marked  with  the  letter  D,  is  well  secared  in  its  place* 
and  has  a  hole  through  it  for  the  rod  of  the  valve  to  pass ;  and  the  interiox 
of  the  hole  is  formed  to  a  box  to  hold  a  stuffing,  and  make  the  rod  work  ap 
and  down  steam-tight,  the  stuffing  being  kept  in  its  place  by  means  of  s 
collar,  screwed  down  in  the  usual  way,  as  shown  in  the  figure.  By  means 
of  a  pin  hy  and  the  two  vertical  pieces  «,  e,  the  sliding-valve  rod  is  made  fiat 
to  IB,  which  is  a  close  cover  to  the  hollow  cylinder  n  n.  The  cover  m  fits- 
steaiBrtight  into  the  conical  seat,  at  the  upper  end  of  a  collar  o  o,  which  is 
made  ha/L  to  the  flange  a  a,  and  descends  into  the  neck  of  the  boiler,  forming 
a  barrel,  in  which  the  cylinder  fits  dose.  The  cylinder  nn  is  open  at 
bottom,  having  a  free  communication  with  the  steam  in  the  boiler  A ;  and 
it  has  three  vertical  slits  cut  through  the  sides,  one  of  which,  S,  is  shown  in 
the  plate.  The  sum  of  the  area  of  all  these  slits  or  opening  i»  equal  to  the 
area  of  the  opening  of  the  seat  or  collar  o  o,  in  which  the  cylinder  n  n  works. 

When  the  steam  acquires  a  sufficient  degree  of  elastic  force  to  raise  the 
valve,  (that  is,  the  cylinder  n  n,  with  its  cover  m,  and  the  rod  R,)  together 
with  whatever  weight  the  rod  may  be  loaded,  then  the  openings  S,  rising 
above  the  steam-tight  collar  or  seat  o  o,  allow  the  steam  to  pats  into  the 
steam-box  C,  and  to  flow  off  to  the  engine  through  the  pipe  N.  But  the 
quantity  of  steam  that  passes  is  proportioned  to  the  elastic  force  it  has. 
acquired,  and  the  weight  with  which  the  valve  is  loaded ;  because  the  rise 
of  the  openings,  S,  above  the  collar  o  o,  will  be  in  that  proportion* 
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This  valve  may  be  loaded  by  applying  weights  in  any  of 
the  nsoal  methods ;  but  Mr.  Woolf  prefers  the  one  shown  in 
the  drawings  in  which  the  upper  part  of  the  rod  R  is  joined, 
by  means  of  a  chain,  to  a  quadrant  of  a  circle  Q,  for  the  pur- 
pose of  canrying-  a  p^idnlam  weight  Z,  that  admits  of  being 
moved  nearer  to  or  fiirther  from  the  centre  of  the  quadrant, 
according  as  the  pressure  of  the  valve  is  wished  to  be  increased 
or  diminished. 

As  the  valve  rises,  the  weight  moves  upwards  in  the  arc  n  n,  giving  a 
continually  increased  resistance  to  the  rarther  rising  of  the  valve,  propor- 
tioned to  the  horizontal  distance  of  the  weight  from  the  centre  of  Q,  of 
which  the  weight  attains  a  continual  increase  by  its  rise  in  the  arc,  accord- 
ing to  the  horizontal  distances  measured  on  the  line  Q  p,  pressing  through 
the  centre  of  the  weight  by  perpendiculars  from  the  horizontal  line« 

Thus,  a  the  weight  Z  presses  down  the  valve  m  with  a  force  equal  to 
20  pounds  on  the  square  inch  of  the  aperture  in  o  o,  in  its  present  position, 
when  it  rises  to  the  position  at  t,  it  will  press  with  a  force  equal  to  30 
pounds,  and  at  p,  with  a  force  equal  to  40  pounds  on  the  square  inch ;  so 
that  the  rod  Z  may  he  made  to  serve  at  the  same  time  as  an  index  to  the 
person  who  attends  the  lire,  nothing  more  beihg  necessary  for  this  purpose 
than  to  {^aduate  the  arc,  described  by  the  end  of  the  rod  Q  Z,  by  experi- 
mental trials.  In  the  side  of  the  steam-box  C  there  is  an  opening,  N,  to 
allow  the  steam  to  pass  from  it  by  a  pipe  to  the  steam-engine. 

It  is  plain  that  ue  adjustment  of  the  positive  pressure  on  this  valve 
can  be  determined  by  sliding  the  weight  Z  of  the  pendulum  to  a  greater 
or  lest  distance  from  the  centre  of  motion.  Again,  to  adjust  the  rate  of 
the  increasing  ^rces,  so  as  to  correspond  with  the  increasing  force  of  the 
steam,  the  radius  of  the  quadrant,  Q,  must  be  apportioned  to  the  diameter 
of  the  valve  and  the  opening  of  the  slits,  S,  so  that  the  ascent  of  the  weight, 
Z,  in  its  qvadiant  witt  be  correspondent  to  the  varying  pressure.  'Aiis 
adjustment  must  be  made  as  nearly  as  it  can  be  done  beiore  the  valve  is 
fixed;  and  to  bring  it  afterwards  to  an  exact  regulation,  the  chain  is 
attached  to  the  rod,  R,  by  a  nut  and  screw ;  by  means  of  which,  any  part 
of  the  arc  can  be  used  that  is  found  most  correspondent  with  the  varying 
pressure,  because  the  rate  at  which  the  resistance  of  the  lever  increases  is 
more  rapid  when  the  pendulum  is  near  to  the  perpendicular,  than  when  it 
approacnes  the  horizontal  position. 

The  same  effect  may  be  produced,  by  making  the  slits  in  the  side  of  the 
cyliader  narrower  at  the  lower  part  of  the  cylinder,  instead  of  being 
puallel. 

BBLL-CRANK  ENGINE. 

Mbssrs.  Boolton  and  Watt,  soon  after  the  expiration  of 
thdr  patent  for  efecting  condensation  in  a  separate  vessel, 
intiodiited  a  form  of  engine,  called  die  bell- crank  engine, 
of  which  we  shall  represent  so  much  as  is  necessary  to 
exUbit  the  alteration  in  the  mode  of  constnictioii. 

Fig.  202  is  a  side  view  of  the  engine.  A  B  C  is  the  bell-crank,  there 
being'  jmotber  exactly  similar  part  on  thfe  other  side,  moving  upon  a  fixed 
centre,  C;  the  end  A  D  is  joined  to  a  cross-piece  which  works  the  piston^ 
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rod  in  the  cylinder.    £  serves  for  the  aif-pnmp,  and  G  for  the  oold*water 
pump^  and  the  hot-water  pump  may  he  wowed  upon  the  same  bar.    The 
""    » IHs 


connecting  rod  from  6  to  l±  is  supposed  to  be  attached  to  the  crank  of  the 
fly-wheel  at  H.  Engines  of  this  aescriptiou  are  mostly  constructed  with 
slide  or  D  valves,  which  are  worked  by  the  beam  A  C.  This  form  of 
engine  does  not  possess  any  particular  advantages  otherwise  than  those 
arising  from  compactness,  which  are  not  of  sufficient  weight  to  counter^ 
balance  the  increased  friction.  It  was,  in  some  few  instances,  at  the 
commencement  of  steam  navigation,  applied  to  boats,  but  it  was  found  to 
answer  not  so  well  as  the  double-beam  engine. 

VIBRATING  BN6INE. 

With  a  view  to  do  away  with  the  beam  of  the  engine, 
and  to  communicate  the  motion  direct  from  the  piston-rod 
to  the  fly-wheel  crank,  a  form  of  engine  has  been  constructed, 
which,  in  engines  of  small  dimensions,  where  the  piston-rod 
can  be  made  of  sufficient  strength  compared  with  tiie  weight 
of  the  cylinder  that  is  to  vibrate,  have  answered  tolerably 
well.  We  have  seen  one  of  about  one-horse  power^  which 
had  been  at  work  four  years. 

Fig.  203.  A  is  the  cylinder,  B  the  piston-rod,  C  the  crank,  D  the  fly- 
wheel, £  a  stand  supporting  the  cylinder  pivot  F,  which  has  a  similar  one 
on  the  opposite  side.  One  of  these  pivots  is  formed  like  the  key  of  a  four- 
way  cock,  having  a  communication  to  the  top  and  bottom  of  the  cylinder. 
By  the  movement  of  tlie  piston,  the  cylinder  is  caused  to  vibrate,  to  tarn  the 
crank  and  flv-wheel,  and  the  steam  passes  alternately  to  the  top  and  bottom 
of  the  cylinder,  by  the  two-way  axes  on  which  the  cylinder  vibrates. 

When  engines  of  this  construction  are  formed  of  any 
considerable  size,  there  is  a  danger  of  bending  the  piston- 
rod,  and  in  vibrating,  the  weight  of  the  cylinder  loosens  its 
fitting  in  the  stuffing  collar  of  the  cylinder-cap. 

ROTATORY  BN6INE. 

All  steam-engines  as  yet  noticed,  have  their  action  pro* 
duced  by  the  movement  of  a  piston  in  a  cylinder,  and  act  by 
what  is  called  a  reciprocating  motion,  in  engines  of  this 
description,  a  very  considerable  degree  of  power  is  ex- 
pended in  arresting  the  motion  of  the  different  working  parts, 
and  patting  them  into  action  in  a  direct  contrary  course: 
this  has  claimed  much  attention  from  engineers,  and  many 
attempts  have  been  made  to  construct  an  engine  in  which 
the  action  of  the  steam  should  operate  in  a  continuous  manner, 
without  bringing  the  parts  to  a  state  of  rest. 

The  most  obvious  mode  of  attaining  this  object,  is  the  producing  a 
rotatory  motion.  One  of  the  most  simple  engines  on  this  construction  is 
represented  in  fig.  204,  where  two  sections  are  shown,  the  one  at  right 
angles  to  the  revolving  shaft,  the  other  parallel  to  it,  the  same  letters  in 
both  denoting  the  same  parts.    U  V  U  uis  a  circular  steam-case,  with  the 
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tm^  eads  CMkeed  by  die  cinnilarplatM  VVVV.tbioiigli  which  the  ttoA 
BpHMf.  1(»R  is  attached  by  four  anDS^SSSS,  the  ring  PPy  in  Which 
tile  ftns  or  flat  pieces*  A  and  B,  are&ced  oh  bingtt  fornied  steasohti^t,  but 
capable  of  being  shut  in  traon  tfa^  ring,  as  A,  or  dpening  and  dosing  the 
eteim-eouise  OOOO,  as  B.  To  e«A  of  these  fear  pieces  is  attached  e 
tail  or  tripping  piece^  C  and  D,  which,  during  their  reyolution,  touch  the 
stod  "Bf  ana  raiaestili^  respective  &ns  into  the  steam-way,  as  shown  by  the 
dotted  €ui  at  Adjust  after  it  has  passed  the  steam  aperfUre,  I.  The  passage 
to  the  condenser  is  represented  at  N;  G  is  a  camb^ece  attaiAeato  Ihe 
outer  case,  and  fitting  in  a  steam-tight  manner  upon  PPPP,  serving  le 
doee  the  fims  as  they  dome  round.  The  steam  etitering  at  I  piesses  upoa 
G  and  A\  which  is  supposed  to  have  been  just  raised  to  that  position^  and 
fcices  it  nmnd,  together  with  the  ring  PPPP,  and  the  centre  shaft  R,  until 
it  pas^  the  aperture  through  which  the  steam  issues  to  the  condenser,  prior 
to  which  the  other  fan,  B,  passes  the  steam-way,  and  obtains  a  position  to 
leeeife  the  action  of  the  steam,  and  continue  the  motion. 

T^e  steam-way,  O  O  O  O,  may  be  considered  to  be  a  ^linder  bent  round, 
mad  tiM  ians^  as  they  obtiude  themselves,  act  the  part  of'^a  piston,  receiving 
the  impulse  of  the  steam  always  on  the  one  siae,  and  effecting  ^e  con- 
densation always  on  the  other.  It  being  requisite  that  the  steam-way 
should  have  some  teimination,  the  obstacle,  O,  is  indispensable,  and  the 
movement  of  the  fims  upon  hinges,  or  some  other  mode,  to  pass  such 
eiMtadt,  as  vnavoidahle;  and  therefore,  from  being  thus  compelled  to  move 
the  piece  acting  as  a  piston  continually  to  and  f^om  its  fittings,  it  becomes 
extremely  difficuU  to  maintain  those  fittings  steam-tight.  This,  together 
with  the  steam-way  not  being  capable  of  receifing  the  eflindrical  form^ 
ire  inconveniences  of  great  moment  It  has  been  found,  tnerefore,  that  in 
lliiufitaming  engines  S(  this  ccnstme^n  in  a  working  condition,  great 
dtfllnlties  arise,  which  hitherto  hate  not  been  surmounted ;  and  as  at  present 
these  eilg;ines  exist  to  no  useful  end,  we  shall  refrain  from  describing  them 
foither* 

HIGH-PRBSSURB  BN6INBS. 

b  m^bex  be  urged  greatly  by  fire>  steam  of  greater  prea- 
Mre  is  obtained;  and  it  has  been  long  known^  that  the 
extent  of  the  pressure  increases  in  a  greater  ratio  Aan  the 
expenditure  of  heat,  which  has  been  an  inducement  to  many 
to  attempt  to  use  steam  at  excessive  pressures.  The  pres- 
Moea  generally  allowed  in  high- pressure  engines,  is  not  more 
than  90,  40,  and  seldom  exceeds  50  pounds  to  the  inch. 

In  eng^ea  where  the  pressure  is  so  great,  l^e  weight  of 
atB  aftDAoaphere  is  not  taken  into  account,  and  the  mode  of 
cfEsctiiig  tiie  moticm  of  the  piston  is,  by  allowing  one  end  of 
the  cyUnder  to  be  open  to  the  air,  whilst  the  steam  acts  on 
lihe  opposite  side  of  the  piston.  By  this  mode  of  operation, 
an  the  parts  appertaining  to  the  promotion  of  condensation, 
ktt  fispensed  with,  and,  consequently,  the  expense  of  making 
thoae  parts,  the  friction  caused  by  their  operations,  and  the 
attention  which  was  necessary  to  their  well-being,  is  entirely 
saved.  This  ^ves  to  the  engine  a  peculiar  degree  of  sim- 
plicity, but  it  is  unfortunately  attended  with  some  danger. 


906  THS  OPBRATIVB  MBCHANIC 

Steam  was  applied  in  this  mode  ao  early  atf  tlie  year  1734, 
and  b  described  by  Leupold,  in  his  2%eatrufn  Maehinmrum 
Hydrauticarum,  toI.  iL  p.  93.  The  engine  thus  described^ 
is  fiDrmed  with  two  cytinders,  having  pistons  fitted  and 
attached  to  two  separate  beams,  whose  other  ends  are  con- 
nected with  two  force-pumps.  Between  the  two  cylinders  is 
a  four- way  cock,  and  as  the  pistons  are  weighed  and  bnnig4it 
down  to  the  bottom  of  each  cylinder,  it  is  evident  that  by 
means  of  this  cock,  the  steam  can  be  let  on  alternately  to  the 
bottom  of  each  cylinder,  whilst,  at  the  same  time,  the  oppo- 
site cylinder  to  that  in  which  the  steam  is  admitted  has  a 
communication  with  the  atmospBere.  Thus,  by  turning  the 
cocks,  the  two  pistons  are  alternately  raised  by  the  steam,  and 
permitted  to  descend  by  the  loading  of  weights  attached  to 
their  other  end.  This  simple  construction  of  high  pressure 
may  be  placed  on  a  par  with  Newcomen's  condensing 
engine. 

Mr.  Watt  presents  to  our  notice  thb  mode  of  using  the 
direct  action  of  steam,  in  the  latter  part  of  his  specification,  in 
1769;  but  the  most  common  application  of  high-jpressure 
steam,  of  late  years,  is  used  in  a  form  of  engine  mvented 
by  Mr.  Trevitheck,  for  the  purpose  of  applying  this  power 
to  locomotion.  He  obtained  a  patent  for  it,  m  union  with 
Mr.  Vivian,  in  the  year  18U2.  This  engine,  firom  its  compact- 
ness, is  peculiarly  applicable  to  this  purpose,  as  it  requires  no 
condensmg  water,  which  would  be  an  insurmountable  bar  to 
its  introduction. 

Fig.  205  presents  a  section  of  this  form  of  engine.  A  B  is  the  boiler, 
A*  a  safety-ralve,  C  D  the  cylinder^  £  the  four-way  cock,  G  the  passage 
from  the  boiler,  H  the  passage  to  the  chimney,  G*  for  the  exit  of  the  steam. 
£is  afonr-way  cock,  F  the  passage  to  the  top,  and  K  the  passage  to  the  bot- 
tom of  the  cylinder.  M  the  piston,  N  the  piston-rod,  O  &e  connecting  rod, 
joined  to  the  cranks  of  the  fly-wheel.  The  beam  R  is  worked  liy  the  con- 
necting rod,  which  has  the  rod  of  a  small  force-pump  S  attached  to  it,  acting 
on  the  other  side  of  the  boiler,  and  forcing  water  along  Q  U  into  the  boiler 
by  L  The  fire-place  is  behind  the  chimney,  as  seen  in  the  new,  and  is 
suiroonded  on  ul  sides  by  the  boiler.  Fig.  206  is  a  section  of  the  cylinder 
at  right  angles  to  the  section 'at  fig.  205.  The  four- way  cock  is  moved  by 
means  of  a  lerer  on  its  axis,  which  is  struck  by  a  tapit  upon  a  rod  firom  the 
cross-piece  C*.  It  must  be  understood  that  there  is  another  connecting 
rod  and  crank  on  the  fiurther  side  of  the  engine,  and  that  the  beam  & 
connects  them. 

Thisengine^  we  conceive^  requires  little  elucidation.  The 
four-way  cock  permits  the  steam  to  pass  alternately  to  the  top 
and  bottom  of  the  cylinder  by  the  passages  F  and  K^  ana 
affords  it  egress  by  G' :  and  the  cold  water  coming  to  supply 
the  boiler^  surrounding  it  on  all  sides^  imbibes  its  heat^  by 
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wUch  means  the  boiler  Is  fed  with  water  of  a  much  highei^ 
temperature,  and  the  steam  is  condensed  in  H^  by  which  a 
more  rapid  exit  is  obtained  for  it. 

This  kind  of  engine  was  expressly  intended  for  working 
carriages^  A  locomotive  enjrine  was  made  by  Mr.  Treve- 
theck,  in  South  Wales,  in  18M,  and  was  tried  upon  the  rail-* 
roads  at  Merthyr  T^dfall.  It  drew  aftet  it  as  many  carriages 
as  carried  ten  tons  of  bar  iron  for  a  distance  of  nine  miles, 
witihoot  any  further  supply  of  water  than  that  contuned  in 
the  boiler  at  setting  out,  tratelling  at  the  rate  of  five 
miles  per  hour.  Since  tlMit  period  thej  have  been  tried  in 
many  places  upon  rail-roads^  but  their  mtfoduction  had  not 
become  general  until  1811,  when  Mr.  Blenkuisop,  proprietor 
of  the  Middletcm  Coal-works,  which  supply  the  town  of 
Leeds,  adopted  them  for  conveying  the  ooahi  oh  his  rail-road. 
Mr«  Uenldiiaop,  when  he  adopted  the  locomotive  engine,  took 
up  ibjt  common  rails  on  one  side  of  the  whole  length  of 
the  road,  and  replaced  them  with  rails  which  had  cogs  On 
thidrupper  sur6u».  These  cogs  are  cast  at  the  same  timd 
with  the  rails,  and  are  hollow  beneath,  to  be  as  light  as  is  con- 
sistent with  strength  and  durability.  The  pitdf  of  the  cogs 
is  six  inches,  so  that  each  rail  of  three  feet  in  length  has  only 
six  cogSi  AVheel  which  is  fixed  on  an  axis  which  would  be 
that  of  the  fly-wheel  at  one  side  of  the  carriage,  works  in  the 
teeth  of  these  rails ;  the  whole  machine  is  thus  caused  to 
advance  along  the  ndlway.  Many  fruitless  attempts  have 
been  made  to  produce  an  eapne  capable  of  moviouDr  carriages 
upon  common  roads;  but  before  this  can  be  effected,  the 
numerous  parts  of  the  engine  must  be  made  more  compact^ 
and  its  weight  considerably  reduced^ 

Observations  on  the  work,  Sfc.  Sfc.  of  steam-engines  in 
CamwaU,  from  Augmt  1811  to  May  1816,  inclusive^ 
iy  MessTSi  Lean. 

Marars.  Thomas  ind  John  Lean  #ere  apfKnnted  to  the 
general  superintendence;  and  the  difierent  prcqyrietorsy 
as  idsa  the  regular  fedtgineerto  of  tl^e  respective  mines^ 
engird  td  ^ve  them  every  facQity  and  assistance  in  their 
power.  Their  &st  Monthly  Report  was  for  August,  1811^ 
and  included  eight  engines,  which  had  in  that  month  consumed 
23,661  bushels  of  coals,  and  lifted  129,126,000  pounds  of 
water  one  foot  hi^,  with  one  bushel  of  c6als  for  each  en^e^ 
being  aii  average  duty  of  15,760,000  pounds  lifted  one  foot 
-  high  mtii  each  bushel  of  coals,  In  the  months  of  September 
vSiL  October  the  engines  reported  were  nine^  and  ui  Novembcf 
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vid  December  twelve ;  and  it  now  evidently  iq>peared  thut 
the  regular  publication  of  Messrs.  Leans'  very  useful  tables 
had  already  been  attended  by  some  improvements  in  the  con- 
dition of  me  engines ;  for  the  average  duty  for  December, 
1811,  extracted  from  these  tables,  appears  to  have  been 
VJflfJbfXXi  pounds. 

In  January,  1812,  the  number  of  engines  reported  was  four- 
teen, and  by  the  end  of  that  year  they  were  increased  to  nine- 
teen ;  and  the  average  duty  performed  by  aQ  the  engines  in 
the  last-mentioned  month  had  advanced  to  18^200,000pound8. 

In  1813,  the  number  of  engines  included  in  die  Monthly 
Reports  continued  to  increase,  till  in  December  they  were  29^ 
and  the  average  woric  20,162,000. 

During  some  of  the  months  of  1814,  the  eng^es  reported 
wene  32,  and  the  average  duty  performed  during  December 
was  19,784,000  pounds  Imed  one  foot  high  with  each  bushel 
of  coals. 

The  table  which  is  subjoined  is  an  abstract  from  Messrs. 
Leans'  Reports,  and  has  been  formed  by  first  counting  how 
many  engines  are  reported,  as  in  January  1815, 32  engines  ; 
then  adding  up  the  column  containing  the  quantity  of  coals 
consumed  by  all  the*  enjrines  during  t£e  month,  and  putting 
down  the  amount,  110^824;  in  like  manner  adding  up  the 
column  of  pounds  lifted  by  each  engine  one  foot  high  by  one 
bushel  of  coals,  the  amount  of  which  was  637^320,990 ;  and 
lastly,  <Uvidihg  the  latter  quantity  by  32,  the  number  of 
engines  at  work,  to  obtain  the  average  duty  performed,  vir. 
19,916,250  pounds. 
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high  by  the 
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Avcnnof 
poandnifted 
one  foot  bixb 

with  each 
butUelofcoala 

1811.  Aujfust 
September 
Cktober 
NoYeniber 
December 

1812.  Janaaiy 
February 
March 
April 

8 

9 
13 
13 

33,661 
25,237 
24,487 
d0,998 
39,545 

8 

9 

9 

12 

126,126,000 
125,164,000 
121,910,000 
189,340,000 
204,907,000 

15,760,000 
13,900,000 
13,540,000 
15,770,00a 
17,075,00a 

14 
15 

la 

50,089 
54,349 
59,140 
62,384 

14 
15 
16 
16 

237,661,409 
260,514,000 
274,222,000 
276,233,000 

16,972,000 
17,900,000 
17,138,000 
17,260,00o 
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whichthe 
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"'^Lly^^ 

one  foot  high 
with  each 

- 

engines. 

foanded. 

reported. 

bushel  of  coals 

18tt.  May 

16 

51,903 

16 

273,546,000 

17,096,006 

Jane 

17 

50,410. 

17 

288,076,000 

16,940,000 

July 

17 

51,574 

17 

300,441,000 

17,677,000 

August 

17 

44,256 

17 

314,753,000 

18,510,000 

September 

18 

46,536 

t8 

348,396,000 

19,355,000 

October 

18 

53,941 

18 

321,900,000 

17,883,000 

NoTember 

21 

57,176 

21 

381^460,000 

18,160,000 

December 
1813.  January 

19 

55,784 

19 

341,803,000 

18,200,000 

19 

60,400 

19 

363,906,000 

19,153,000 

Febraaiy 

22 

58,044 

22 

438,737,000 

19,940,000 

Majch 

23 

73,862 

23 

440,642,000 

19,157,000 

April 
It&y 

23 

61,789 

23 

431,032,000 

18,700,000 

24 

58,890 

24 

463,346,000 

19,300,000 

June 

24 

53,110 

24 

470,157,000 

19,590,000 

July 

23 

56,709 

23 

443,462,000 

19,281,000 

August 

21 

50,110 

ii 

416,898,000 

19,852,000 

Sepii^her 

22 

58,008 

22 

427,148,000 

19,415,000 

October 

26 

74,796 

26 

488,671,000 

18,795,000 

November 

28 

77,135 

28 

537,958,000 

19,212,000 

December 
1814.  January 

29 

86,273 

29 

584,721,000 

20,162,000 

28 

91,753 

■ 
28 

550,751,000 

19,670,000 

Febnuuy 

26 

78,986 

26 

536,677,000 

20,641,000 

March 

28 

109,904 

28 

565,406,000 

20,193,000 

P 

29 

91,607 

29 

576,617,000 

20,325,000 

28 

79,437 

28 

569,319,000 

20,305,000 

June 

30 

75,343 

30 

626,669,000 

20,888,000 

July 

27 

85,224 

27 

573,208,000 

21,229,000 

August 

26 

70,443 

26 

545,019,000 

20,960,000 

September 

27 

78,167 

27 

560,608,000 

20,763,000 

October 

32 

75,080 

32 

630,704,000 

19,709,000 

November 

32 

82,000 

32 

637,322,000 

19,916,000 

December 
1815.  January 

29 

d4,669 

29 

573,744,006 

19,784,276 

32 

110,824 

32 

637,320,990 

19,916,250 

February 

33 

101,667 

33    . 

710,271,250 

21,523,370 

March 

34 

117,342 

34 

706,071,990 

20,766,820 

April 
May 

35 

105,701 

35 

695,212,340 

19,863,210 

34 

107,530 

34 

669,299,140 

20,479^50 

Prom  tbe  foregoing  table  it  appears  that  the  average  &ity  of 
the  engineB  reportea,  exclusive  of  Woolf  s  patent  engine^  is 
at  this  time  about  20  millions. 

We  have  pur^s^Iy  omitted  Woolf  s  patent  engine^  becau»€f 
one  of  the  ends  int^ded  to  be  gained  by  the  Monthly  Report 
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of  work  actuidly  done  by  the  en^nes  employed  in  tbe'  mines, 
particularly  in  pumping,  was  to  know  the  compaiative  merit 
of  Woolfs  engine  with  two  cylinders  when  contrasted  with  the 
ateam-engines  in  common  use.  One  of  Mr.  Woolfs  engines 
has  been  lately  erected  at  Wheal  Vor  mine,  of  53  inches 
diameter  in  the  great  cylinder,  (the  smaller  cylinder  being, 
about  one-fifth  of  the  contents  of  the  great  one,)  and  nine* 
feet  stroke.  According  to  Messrs.  Leans'  Report  for  May,  the 
duty  performed  by  the  engine  aHuded  to,  was  49,9W,882 
pounds  lifted  one  foot  with  every  bushel  of  coals  consumed; 
and  by  letter  we  are  informed  (for  the  printed  Report  has  not 
yet  reached  us)  that  the  duty  performed  by  Woolfs  engine  ia 
the  month  of  June  was  50,333,000. 

Thus  it  appears  that  the  average  duty  of  the  patent  engine 
for  the  months  of  May  and  June  was  fiifty  millions,,  while  the 
aggregate  average  duty  of  the  other  engines  is  only  twenty 
millions^  From  this  it  is  evident  that  Mr.  Woolf  s^improve- 
ments  on  the  steam-engine  will  be  productive  of  much  benefit 
to  the  mining  interests  of  the  kingdom.  On  some  of  the  large 
mines,  when  this-  engine  shaU  have  come  into  general  us^ 
which  it  must  do  sooner,  or  later,  the  saving  in  fuel  only  will 
add  to  the  yearly  dividends  among  the  proprietors  several 
thousand  pounds  sterling.  Nor  is  tiiis  all ;  the  expense  that 
will  thus  be  saved  will  prevent  numbers  of  nunes  from 
stopping  work ;  and  will  be  the  means  of  setting  many  again 
to  work  which  have  ceased  on  account  of  the  expense  neces- 
sary to  keep  them  free  from  water. 

By  Messrs.  Leans'  Report  for  January,  (1816,)  the  average  >Hroik  of  37 
engines  was  20,694,630  pounds  of  water  lifted  one  foot  high  for  each  bushel 
of  coals  consumed.  Woolfs  ennne  at  Wheal  Vor  during  the  same  month 
lifted  47,900,333  pounds,  and  his  engine  at  Wheal  Abraham  47^22,040 
pounds  one  foot  high  with  each  bushel  of  coals. 

By  the  Report  for  February,  the  average  work  of  34  engines  was 
20,667,398  pounds  lifted  one  foot  with  each  bushel  of  coals*  WoolTs 
engine  at  Wlieal  Vor  lifted  45,493,303 ;  and  the  one  at  Wheal  Abraham 
45,896,382  pounds  one  foot  high  with  each  bushel. 

Having  examined  into  the  construction  of  the  several  kinds 
of  engines  in  general  use,  we  shall  forbear  to  mention  the 
steps  of  every  specuiatist  who  has  attempted  improvements 
in  this  machine,  and  which  have  for  years  filled  our  pe- 
riodical publications  with  plans^  possessing  more  or  less 
ingenuity. 

Calculations  with  respect  to  the  power  of  steam  are  of  great 
importance ;  but  practical  people  are  well  aware  that  they 
cannot  be  attended  with  accuracy.  We  have  already  shown 
iliat  the  amount  of  actual  force  expended  in  steam-pressures. 
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can  be  aBcertained  with  great  accuracy,  by  gauges  and  safety- 
valves  ;  but  the  reaidtuig  disposable  power  is  not  so  easily 
discovered,  as  the  friction  of  tiie  various  parts  vary  greatly 
according  to  the  state  which  they  are  in.  The  state  of  the 
condensation,  in  condensing  engines,  gives  a  more  or  less 
perfect  vacuum,  which  will  vary  notwithstanding  the  utmost 
vigilance.  It  has  been  generally  set  down,  among  engineers, 
that  nearly  one  half  of  die  power  of  steam  must  be  deducted 
from  the  disposable  force ;  therefore,  suppose  an  engine  of 
24  inch  piston,  the  area  of  which  will  be  452  square  inches, 
has  a  perfect  vaounm,  as  jexhibited  by  the  barometer  of  the 
condenser,  and  the  weight  of  the  atmosphere,  denoted  by  tiie 
weather-lMOtimeter,  be  about  fourteen  pounds,  and  the  4Bteam- 
gauge  on  the  boiler  stands  at  about  two  inches,  which  is  an 
indication  of  two  pounds  |)ressure,  we  may  estimate  that  there 
is  17  lbs.  per  square  inch  pressing  upon  the  piston  ;  therefore 
17  X  452  r=  7684  lbs.  on  the  piston,  half  of  which  being 
deducted  for  allowance  of  friction,  leaves  a  disposable  force 
of  3842  Ibe.  moving  through  the  distance  at  the  same  rate  in 
which  the  piston  moves ;  which  force  being  divided  by  M essrs* 
Bolton  and  Watt's  estimate  of  a  horse-power,  will  give  the 
nominal  power  of  such  en^ne.  In  high-presAure  engines, 
where  the  steam  is  not  condensed,  what  is  indicated  by  the 
steam-gauge  of  the  boiler  onlyj  must  be  estimated  as  the 
power  acting  upon  the  piston. 

That  the  increments  of  power  take  place  in  a  quicker  ratio 
than  those  of  the  temperature,  has  been  long  known ;  and 
an  ingenious  mechanic  c^  the  present  day  has  attempted  to 
use  steam  at  very  high  pressures.  Without  entering  into  a 
description  of  the  obstacles  he  met  with,  we  will  briefly  ob- 
serve, that  the  requisite  strength  of  the  parts  to  withstand 
the  pressure,  conjoined  to  the  excessive  beat,  present  ob- 
stacles not  easily  to  be  overcome. 

The  reciprocating  motion  in  steam-rcngines  is  a  loss  of 
ppw^  which  cannot  be  denied*  For  the  momentum  of  the 
beam  and  otiier  parts  passing  in  one  direction  have  suddenly 
to.be  arrested  and  moved  in  the  opposite  direction,  which 
produces  a  loss  of  power.  Rotatory  action  has  been  sought, 
therefore,  with  propriety,  but  has  not  yet  been  obtained  with 
advantage. 

Messrs.  Boulton  and  Watt,  in  the  introduction  of  this 
steam-engine  into  many  works  where  the  power  of  horses 
jwas  used,  were  obliged  to  take  into  consideration  the  number 
of  horses  used  for  any  particular  purpose,  in  order  to  ascer- 
tain the  amount  of  force  wimted.    Upon  the  conclusion  of  a 
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numerous  set  of  experiments  they  decided^  that  a  horse, 
ytrprk^Dg  eight  hours  a  day,  was  capable  of  raising  33,000  lbs. 
one  foot  high,  in  a  minute.  Therefore,  by  dividing  the  num- 
ber of  pounds  an  engine  can  lift  one  foot  high  in  a  minute,  it 
will  give  the  amount  of  horses'  power  to  wmch  that  engine  is 
/squal. 

An  entire  yiew  of  09  engine  of  the  construction  termed  portable,  is  repre- 
sented at  Ag.  t07.  A  is  the  cyl^der,  B  the  air-pamp,  C  the  cola-water 
pump,  D  the  btttp-water  pjump,  £  the  beam,  F  the  connecting  rod,  G  the 
fiy-y/meel,  H  the  eooentne  shaft,  and  I  the  goTemor. 

It  woidd  occupy  naany  volumes  to  describe  the  various  forms 
of  construction  ox  engines  which  have,  since  the  knowledge  of 
the  power  pf  s^eam,  been  contrived ;  and  the  information  such 
descriptions  would  convey  would  be,  comparatively  speaking, 
pi  very  littie  value,  as  the  minority  of  them  have  arisen  from 
pien  ignorant  of  the  principles  of  the  action  of  the  machine, 
and  whose  productions  diould  be  classed  as  futile  alterations. 

In  attempting  any  improvements,  the  principles  of  action 
should  first  be  taken  into  consideration.  In  condensing' 
engines  the  movement  is  effected  by  the  alternate  increase 
and  decrease  of  temperature,  the  perfection  of  both  of  which 
is  of  great  importance.  The  primary  point  to  be  aimed  at, 
therefore,  is  the  maintainipg  of  high  temperature  whilst  the 
steam  is  forcing,  and  reducing  it  suddenly  when  the  conden* 
sation  19  tp  be  effected.  TMa  was  taken  into  consideration 
in  the  construction  of  Newcomen's  engine,  and  was  most 
effectually  attained  by  Mr.  Watt. 

llie  o^er  parts  of  the  engine  may  be  examined  with  a  view 
of  improvement,  by  considering  their  weight  and  friction, 
and  by  the  substituting  of  a  rptatory  instead  of  a  reciprocating 
inotion. 

'  Simplicity  of  construction  cannot  be  too  strongly  recom- 
mended in  all  mechanical  combinations ;  for  there  are  many 
coatrivafices  whidi  would  certainly  be  deserving  of  the  name 
pf  improvements,  were  they  not  mapplicable  on  account  of 
their  intricacy. 

Attempts  havefrequendy  been  made  to  avoid  the  use  of  the 
jur-pump,  which  takes  up  a  considerable  portion  of  th6  power  of 

Sa  engine.  A  water  baromet^,  adapted  to  the  condenser,  has 
een  sometimes  adopted ;  and  a  fiill  of  water  has  been  made 
to  pass  ov^r  the  upper  edges  and  down  the  orifice  of  a  tube, 
forcing  the  air  before  it.  The  upper  end  of  this  tube  com- 
municates with  the  eduction  pipe,  and  is  said  to  support  a 
vacuum  of  considerable  rarity.  Exposing  the  steam  which  i^ 
^  be  condensed  to  an  increased  sumce  bv  passing  it  along 
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tubes  BuiTOuaded  by  water,  or  amongst  tubes  containing 
water,  has  likewise  been  frequently  adopted.  Indeed  the  ex- 
posure of  considerable  surfiwe  to  receive  heat  in  the  generation 
of  steam,  and  the  same  to  abstract  it  in  condensation,  have 
been  subjected  to  frequent  trial.  That  ah  adrantage  is  to  be 
procured  by  the  adoption  of  such  plans  is  undoubted;  but  to 
attain  such  increased  surfiice  an  intricacy  in  the  parts,  we 
fear,  muit  be  ado|^ted,  which  wiB  more  than  counterbalance 
the  advantages  gamed. 

The  valves^  or  those  parts  ef  an  engme  which  direct  the 
distribution  of  the  steam,  have  always  had  the  attention  of 
engineers,  and,  as  we  have  shown,  many  elegant  combina- 
tions have  residted  from  their  ingenuity. 

In  running  a  steam-engine,  attention  should  be  given  to  the 
working  parts.  The  cyunder  should  be  packed  with  clean 
hemp  and  the  best  tallow,  and  frequently  examined  to  see 
that  the  packing  is,  in  order.  The  steps  of  the  fly-wheel, 
shsit,  and  of  the  crank,  beam,  &c.  should  be  frequently  ex- 
amined, and  kept  well  oiled  wiUi  sperm  oil,  which  is  the  best 
for  all  machineiy.  These  parts  must  be  kept  from  dust^  and 
if  dry  grindstones  are  driven  in  the  mill,  the  dust  must  be  care- 
fully boxed  off  from  the  engine.  The  use  of  sand  on  the  floor 
of  an  engine-house  should,  for  the  same  reason,  be  dispensed 
witii. 

The  method  of  starling  an  engine  is^  first  to  shut  the  con- 
densing cock,  then  to  open  all  the  valves  to  let  the  steam 
pass  into  the  jacket,  into  the  cylinder,  through  the  eduction 
pipe  into  the  condenser,  and  out  at  the  blow-valve,  in  order 
to  expel  the  idr  from  all  the  parts,  and  get  them  to  a  proper 
temperature,  which  will  be  shown  by  the  -steam  issuing  from 
the  blow-valve ;  for  previously  to  the  parts  being  sufficiently 
warmed,  the  steam  in  its  progriess  becomes  condensed. 

When  all  the  parts  are  heated,  the  injection  water  may  be 
let  on,  and  a  vacuum  procured  on  one  side  of  the  piston, 
which  produces  instant  action. 

The  lever  of  the  throttle-valve,  which  is  ultimately  to  be 
attached  to  the  governor,  should,  on  starting  the  engine,  be 
held  by  the  hand  of  the  attendant  until  the  work  is  thrown  on^ 
flnA  the  engine  has  acquired  regular  motion. 
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BROWN'S  VACUUM,  OR  PNEUMATIC  ENGINE. 

Having  conduded  our  account  of  the  ateam-engine,  we 
ishall  now  proceed  to  give  a  description  of  the  engine  above- 
meutipned,  which  has  recently  clumed  much  attention  from 
Ihe  mechanical  part  of  society.    It  is  represented  in  fig.  206. 

AA  a  beam,  capable  of  Yibratinff  UDon  a  centie  at  B. 

C  and  C*  two  chamben,  formea  or  met^Iy  of  suffident  utiength  to  resist 
Ihe  pressure  of  the  atmosphere  (about  14  lbs.  to  the  souare  inch)  upon  its 
external  surfkce,  and  having  the  caps  C^Ct  suspended^  one  at  eai;h  end  of 
the  beam,  capable  of  closing  each  oi  these  chambers  in  an  aiMight  manner. 
The  chamber  C^  is  shown  in  section. 

£  £  and  £^  £^  are  two  pipes,  containing  valves  opening  upwards,  leading 
and  affording  a  communication  from  the  vessels  F  and  F^  with  each  of  the 
chambeisCandC.  These  vesseU,  F  and  F^  contain  floats,  FT*,  attached 
to  the  beam  AA,  by  rods  which  receive  motion  from  the  floats ;  to  thes9 
rods  are  attached  Ae  slides  <  I,  to  close  alternately,  at  each  vibration  of  the 
beam,  the  apertures  k  k.  Hie  pinspp,  attached  to  one  of  the  rods  from  the 
floats,  give  mption  to  th^  small  vibrating  tube  R,  which,  by  the  rods  R^  B} 
attached  to  the  cranks  in  the  chamber  S,  alternately  ojpens  and  closet  th^ 
pipes  S^  S\  communication  with  the  v^sseUf  F  an4  F>t 
*  D  D  is  a  pipe  lea4inff  »bm  tl^e  gasometer,  branching  off  at  D>  D*  into 
Ihe  two  diarabers  C  and  O,  for  the  purpose  of  sup^ying  the  gas  that  is  to 
be  consumed  in  effecting  the  vaenum.  This  supply  can  be  admitted  or 
shut  off  by  means  of  the  cocks  D*  D",  which  open  and  dose  by  cnmiksy 
worked  by  the  movement  of  the  beaip. 

GG  two  other' branch-pipes^  supplied  with  gas  from  the  ffasometer,  and 
/ending  in  a  iet  at  each  end.  1^  die  slanting  direction  of  the  endSy  it  is 
evident,  that  tne  flames  firom  these  jets  will,  when  their  respective  orifices 
^  A  be  open,  protrude  into  the  chamber?  C  and  C. 

1^  and  K*  are  two  pipes,  affording  a  communication  from  the  outer  air  to 
|he  interior  of  each  of  Uie  chambers  C  and  O ;  their  puter  ends  are 
^capable  of  being  closed  by  means  of  th^  cianks  n  n,  which  are  attapbed  by 
^ains  to  the  floats  F*  F^. 

Tlie  mode  of  operation  Cfcmsists  in  allowing  the  gas  to  pass  from  the 
gasome^  along  one  of  the  branches  of  the  pipe  D  D,  and  thence  into  one 
pi  the  chambers  C  or  C\  (suppose  C^)  where,  by  the  jet  of  ignited  gas  play* 
jng  in  the  oiifioe  A,  it  becomes  iniited,  and  by  its  combustion  rarefies  and 
expels  a  considerable  portion  of  the  ati^ospberic  air  from  that  chamber. 
Suppose  now  the  cap  of  the  chamber  be  put  down,  and  by  the  movement  of 
fht  rod  altachfid  to  the  float  the  orifice  k  and  gas-pipe  D  be  dosed,  the 
combustion  will  immedialely  cease,  and  leave  tbmn  a  partial  vacuum.  Tbe 
atmosphere  beginninff  now  to  press  upon  the  vessel  F,  wiU  cause  so  much 
of  the  water  to  pass  from  it  into  the  Camber  C  ^  as  will  nearly  compensate 
the  vacuum,  when  the  valve  through  which  the  water  passed  being  dosed, 
|ind  communication  between  the  iitferior  of  the  chamber  and  the  open  air 
I9fikcte4  by  the  opening  of  K>,  the  water  contained  in  the  chamber  flows  from 
thence  through  die  aperture  »,  and  affords  power,  by  its  fall  and  wesshCy  to 
^he  overshot  water-wheel  W.  From  hence  it  passes  into  the  vessel  S,  and' 
finally  is  admitted  by  S>  S*  into  P  or  F',  leaving  the  engine  in  a  ponoitioii 
IP  rei^ew  the  operation. 
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By  inspMtbig  the  plate  it  will  be  aeen,  that  when  the  cap  of  one  chamber 
croeesy  the  several  openiiigs  to  the  same  chamber  close  with  it ;  and  by  the 
rtsing  of  the  other  end  of  the  beam  the  similar  openings  to  the  other  cfaam* 
her  are  opened,  and  Drepared  for  a  like  opeiation.  It  will  also  be  seen 
4hat  the  production  of  this  motion  is  attained  by  the  rising  of  the  two  floats 
in  the  chambers  F  and  F  I. 

The  adyantages  to  be  derived  from  thie  engine^  98  detailed 
in  the  descriptive  outline  of  the  inventor^  are. 

Firsts  ''  The  quantity  of  pas  consumed  being  very  small,  the 
expense  of  working  the  engme  is  moderate,  m  its  application 
on  land  the  saving  will  be  extremely  great,  the  cost  of  th^ 
coal  gas  (deducting  the  value  of  the  coke)  being  inconsider- 
ably The  expense  of  working  a  marine  engine  will  certainly 
be  greater,  as  the  gas  used  for  that  purpose  must  be  extracted 
from  oil,  pitchy  tar,  or  some  other  substance  equally  portable, 
yet  even  in  tbis  case,  it  will  not  equal  the  cost  of  the  fuel 
reqmied  to  propd  a  steam-boat;  and  as  a  few  butts  of  oil  will 
be  sufficient  for  a  long  voyage,  vessels  of  the  largest  tonnage 
may  be  propelled  to  the  most  distant  parts  of  the  world. 

Secondly,  ''The  engme  is  Ught  and  portable  in  its  eonstruc- 
tioD,  the  average  weight  being  less  than  one-fifth  the  weight 
of  a  steam-engine  (aid  boiler)  of  the  same  power.  It  also 
occupies  a  much  smaller  space,  and  does  not  require  the 
erection  of  so  strong  a  building,  nor  of  a  lofty  chimney.  \fi 
vessels,  the  saving  of  tonnage  will  be  highly  advantageous, 
both  in  the  smiSler  comparative  weight  and  size  of  tho 
ennne,  and  in  the  very  reduced  space  required  for  fiiel. 

Tliiidly,  **  This  engine  is  entirely  free  from  danger.  No 
boiler  being  usedy  explosions  cannot  take  place,  and  as  the 
quantity  of  gas  consumed  is  so  small,  and  the  only  pressure 
that  of  the  atmosphere,  it  is  impossible  that  the  cylinder  can 
burst,  or  the  accidents  incidental  to  steam-boats  occur. 

^'  The  power  of  the  engine  (being  derived  from  the  atmo- 
qiheric  pressure  of  ten  pounds  and  upwards  upon  the  square 
inch)  may  be  increased  with  the  dimensions  of  the  cylinders, 
to  any  extent,  and  always  ascertuned  by  a  mercurial  gauge. 

**  It  is  scarcely  necessary  to  allude  to  the  well-known  feet, 
that,  after  deducting  the  friction  arising  from  the  use  of  the 
air  and  cold*water  pumps,  &c.  &e.  the  general  available 
power  of  the  condensing  steam-engine  is  from  seven  to  eight 
pounds  per  square  inch. 

*'  The  cost  of  the  machine  will  be  more,  pariicularfy  ae 
conUrueted  for  raising  water;  it  is  therdbre  peculiarly 
adapted  for  draining  fens,  &c.  or  suppljring  reservoirs.  The 
expense  of  wear  and  tear  wiU  also  be  considerably  less  than 
that  of  the  steam-engine,  and  when  occasionally  out  of  order^ 
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it  may  be  repaired  at  a  tri&ing  cost^  and  with  bat  little 
delay/' 

In  examining  the  effects  of  this  engine^  we  cannot  to  a  cer- 
tain extent  withhold  our  {^probation  ;  for  the  patentee  has 
undoubtedly  effected  and  applied  a  vacuum,  produced  by 
ignition,  in  a  manner  different  and  more  manageable  than 
any  attempts  that  have  hitherto  come  to  our  knowledge. 
The  probability  of  its  entering  efficiently  into  competition 
with  the  steam-power,  is  a  question  that  requires  the  data 
of  experience,  which,  in  this  early  state  of  the  invention, 
cannot  be  procured. 

We  understand  it  is  the  intention  of  the  inventor  to  apply 
the  effects  of  the  vacuum  thus  produced  to  the  movement  of  a 
piston  in  a  cylinder,  which  object  will,  when  attained,  afford 
a  much  greater  scope  for  the  application  of  its  powers,  and 
render  it  peculiarly  applicable  to  locomotion.  The  obstacle 
wliich  at  present  suggests  itself  to  the  attainment  of  this  end 
is,  the  difficulty  of  procuring  a  rapid  condensation  without 
allowing  cold  water  to  enter  the  cylinders  at  each  stroke, 
which  in  the  present  form  of  construction  is  allowed,  and 
which  greatly  aids  the  operation  by  keeping  the  chambers 
entirely  cool.  Without,  however,  seeking  for  obstacled, 
we  wish  the  ingenious  inventor  success  in  surmounting 
them. 


ON  THE  STRENGTH  OF  MATERIALS 

An  accurate  knowledge  of  the  following  experiments 
made  by  Mr.  Greorge  Rennie,  Jun«,  and  conununicated  by  him 
in  a  letter  to  Thomas  Young,  M.  D.  For.  Sec.  R.  S.,  is  of  so 
much  importance  in  the  construction  of  machines,  that  we 
have  extracted  it  from  the  Transactions  of  the  Royal  Society; 
to  which  we  have  annexed  some  useful  notes  by  Mr.  T. 
Tredgold. 

<'  In  presenting  the  result  of  the  following  esqperiments," 
says  Mr.  Rennie,  ^'I  trust  I  shall  not  be  considered  as  deviating 
from  my  subject,  in  taking  a  cursory  view  of  the  labours  of 
others.  The  knowledge  of  the  properties  of  bodies  which 
come  more  immediatdy  under  our  observation,  is  so  inatni- 
mental  to  the  progress  of  science,  that  any  approximation  to 
it  deserves  our  serious  attention.  The  Royal  Society  appears 
to  have  instituted*  at  an  early  period,  same  eiperimenta  ou 
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tluA  mibjecty  but  the?  have  recorded  little  to  aid  ub.  Emersoii^ 
in  his  MechaniGB,  has  laid  down  a  number  of  rales  and 
approximations.  Professor  Robison  in  his  excellent  treatise 
in  the  Bncyclopadia  Britannica,  Banks  on  the  Power  of 
Machines^  Dr.  Anderson  of  Glasgow,  Colonel  Beaufoy^  Stc. 
are  those,  amongst  6ur  countrjrmen,  who  hare  given  the 
result  of  their  experiments  on  wood  and  iron.  The  subject^ 
however^  appears  to  have  excited  considerable  attention  on  the 
continent.  A  theory  was  published  in  the  year  1638^  oy 
Galileo,  on  the  resistance  of  solids,  and  subsequently  by  n^y 
other  philosophers.  But  however  pl?jisible  these  investiga- 
tions appeared,  they  were  more  theorclical  than  practical,  as 
will  be  seen  in  the  sequel.  It  is  only  by  deriving  a  theory 
from  careful  and  well*directed  experiments,  that  practical 
results  can  be  obtained.  It  would  be  useless  to  enumerate 
the  labours  of  those  philosophers,  who,  in  following,  or  varying 
firom  the  steps  of  GalUeo,  have  merely  tended  to  obscure  a 
subject  respecting  which  tiiey  had  no  data  to  proceed  upon. 
It  is  sufficient  to  enumerate  the  names  of  those  who,  in  con* 
junction  with  our  own  countrymen,  have  added  their  labours 
to  the  little  knowledge  we  possess.  The  experiments  of 
Buffon,  recorded  in  the  Annals  of  the  Academy  of  Sciences  at 
Pwru,  in  the  years  1740  and  17^1,  were  on  a  scale  sufficiently 
large  to  justify  every  conclusion,  had  he  not  omitted  to  ascer« 
tain  the  direct  and  absolute  strength  of  the  timber  employed. 
It  however  appeared  firom  his  experiments,  that  the  strength 
of  the  ligneous  fibre  is  nearly  in  proportion  to  the  specific 
gravity.  Muschenbroeck,  whose  accuracy  (it  is  said)  entitled 
him  to  confidence,  made  a  number  of  experiments  on  wood 
and  iron,  which,  by  being  tried  on  various  si>ecimens  of  the 
same  materials,  afforded  a  mean  result  considerably  higher 
than  other  previous  authorities.  Experiments  have  also  been 
made  by  Mariotte,  Varignon,  Perronet,  Ramus,  Rondelet, 
Ganthey,  Navier,  Aubry  and  Texier  de  Norbeck,  as  also  at 
the  JScole  Pofytechuique^  under  the  direction  of  M.  Prony. 
With  such  authorities  before  us,  it  might  be  deemed  presump^ 
lion  in  me^  to  offer  you  a  communication  on  a  subject  which 
)iad  been  previously  treated  of  by  so  many  able  men.*    Bu( 

*  It  is  trae  that  the  subject  has  been  considered  by  many  able  philoso^ 
phers,  frum  Galileo  down  to  the  present  period,  but  it  is  only  lately  thai 
tlie  proper  object  of  attention  has  been  ascertained ;  or  at  least  the  results 
of  their  inquiries  had  not  been  brought  forward  in  a  practicable  form.  For 
wh^  Dr.T.  Young  published  his  Inures,  there  was  little  on  the  subject 
besides  the  btricate,  and  I  may  add  unsatisiactory,  investigations  of  Euler 
and  Lagrange.    As  to  the  resistance  to  fracttire|  which  with  the  greater  paii 
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whoever  hai  had  occasioa  to  investigate  the  prlncipleg  opon 
which  any  edifice  is  constructed^  where  the  combination  of  its 
parts  are  more  the  result  of  uncertain  rules  than  sound  prin- 
ciple^  will  soon  find  how  scanty  is  our  knowledge  on  a 
subject  so  highly  important*  The  desire  of  obtaining  some 
approximation,  which  could  onlv  be  accomplished  by  repeated 
trials  on  the  substances  themselves,  induced  me  to  undertake 
die  following  experiments. 

A  bttr  of  the  best  English  iron,  about  ten  feet  long,  was  selected  and 
Ibnned  into  a  lerer,  whose  fulcrum  is  denoted  by/,  fig.  209.  Ibe  hole  was 
accurately  bored,  and  the  pin  turned,  which  su£BBred  it  to  move  freely.  The 
standard  A  was  firmly  secured  by  die  nut  c  to  a  strong  bed  plate  of  cast- 
iron,  made  firm  to  the  ground.  The  lever  was  accurately  divided  in  its 
lower  edge,  which  was  made  straight  in  a  line  with  the  fulcrum.  A  point, 
or  division  D,  was  selected,  at  five  inches  from  the  fulcrum,  at  which  place 
was  let  in  a  piece  of  hardened  steel.  The  lever  was  balanced  by  a  weight, 
and  in  this  state  it  was  ready  for  operation.  But  in  order  to  keep  it  as  levd 
as  possible,  a  hole  was  drilled  through  a  projection  on  the  bed  plate,  large 
enough  to  admit  a  stout  bolt  easily  through  it,  which  again  was  prevented  fixm 
turning  in  the  hole  by  means  of  a  tongue  t  fitting  into  a  corresponding  groove 
in  the  hole.  So  that,  in  order  to  preserve  the  level,  we  had  only  to  move 
the  nut  to  elevate  or  depress  the  bolt,  according  to  the  size  of  the  specimen. 
But  as  an  inequality  of  pressure  would  still  arise  from  the  nature  of  the 
apparatus,  the  body  to  be  examined  was  placed  between  two  pieces  of  steel, 
the  pressure  being  communicated  through  the  medram  of  two  pieces  of  thick 
leather  above  and  below  the  steel  pieces,  by  which  means  a  more  exjual 
contact  of  surfiMes  was  attained.  Ine  scale  was  hung  on  a  loop  of  iron, 
touching  the  lever  in  an  edge  only.  I  at  first  used  a  rope  for  the  balance 
weight,  which  indicated  a  motion  of  four  pounds,  but  a  chain  diminished 
the  friction  one  half.  Every  movable  centre  was  well  oiled.  Of  the  resist- 
»ices  opposed  to  the  simple  strains  which  may  disturb  the  quiescent  state 
of  a  boay,  the  principal  are  the  repulsive  force,  whereby  it  resists  com« 

Jiression,  and  the  force  of  cohesion,  whereby  it  resists  extension.  On  the 
brmer,  with  the  exception  of  the  experiments  of  Gauthey  and  Rondelet,  on 
stones,  and  a  few  others,  on  soft  substances,  there  is  scarceljr  any  &ing  on 
record.  In  the  memoir  of  M.  Lamnge,  on  the  force  of  springs,  publidied 
in  the  year  1760,  the  moment  of  elasticity  is  represented  by  a  constant 
quantity,  without  indicating  the  relation  of  this  value  to  the  sixe  of  the 
spring :  but  in  the  memoir  of  the  year  1770,  on  the  forms  of  columns,  where 
he  considers  a  body  v^hose  dimensions  and  thickness  are  variable,  he  makes 
the  moment  of  elasticity  proportional  to  the  fourth  power  of  the  radius,  in 
observing  the  relations  oftheory  and  practice  to  accora  with  each  other.  Ibis 

of  mechanical  writers  is  the  only  object  attended  to,  it  is  of  very  inferior 
importance. 

The  laws  of  flexure  constitute  the  chief  guide  in  the  construction  of 
buildings ;  and  the  intention  of  these  notes  is  to  call  the  attention  of  experi- 
mentalists to  this  part  of  the  subject ;  and  as  it  is  probable  the  ingenious 
author  of  the  experiments  now  before  me  may  be  tempted  to  resume  his 
labours,  I  feel  certain  that  he  will  not  feel  displeased  to  have  his  attention 
^led^to  some  interesting  points  .of  inquiry,  which  he  has  eidier  n^l^cted 
^  notice,  or  has  not  given  to  the  public— T.  T. 
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ivtM  ttdnutted  by  Euler  in  his  memoir  of  1780,  in  his  dlabonUe  investigation 
of  the  forms  of  columns.  Mr.  Coulomb  had  however  shown  before  diat 
time,  how  inapplicable  all  these  calculations  were  to  columns  under  caoh 
men  circumstances ;  and  you,  sir,  have  repeated  the  observation  in  vour 
lectures  on  natural  philosopher,  "fhe  results  of  experiments  have  also  been 
equally  discordant;  since  it  is  deduced  from  those  of  Reynolds,  that  the 
power  required  to  crush  a  cubic  quarter  of  an  inch  of  east^iron  is  448000 
pounds  avoirdupoise,  or  200  tons;  whereas  by  the  average  of  thirteen  ei- 
periments  made  fay  me  on  cubes  of  the  same  size^  the  amount  never  exceeded 
10392*53  lbs;  not  quite  five  tons.  This  may  be  seen  by  referring  to  the 
tables.  There  were  four  kinds  of  iron  used,  viz.  1.  Iron  taken  from  the 
centre  of  a  large  block,  whose  cnrstals  were  similar  in  appearance  and 
magnitude  to  those  evinced  in  the  fracture  of  what  is  usually  tenlied  gun- 
metai.  2.  Iron  taken  from  a  small  castings  dose  grained,  and  of  a  dtlil 
gicy  colour.  3.  Iron  cast  horizontally  in  bars  of  Jth  inch  square,  8  inchet 
long.  4«  Iron  cast  vertically,  same  size  as  last.  These  castings  were  re- 
duMd  equally  on  every  side  to  ^  of  an  inch  square :  thus  removing  the  hard 
external  coat  usually  surrounding  metal  castings.  They  were  all  subjected 
to  a  gauge.  The  bars  were  then  presumed  to  be  tolerably  uniform.  The 
weights  used  were  of  the  best  kind  that  could  be  procured^  and  as  the  ex- 
periment advanced,  smaller  weights  were  used* 

EgperimmUi  on  eatt'iron  in  cubes  o/i  of  an  inek,  ife. 
Iron  tiken  from  the  Mock  whose  specific  gravity  wis  7*033. 

Avefages.  Ibt.  mvoirdvpolM. 

fixl  1454 

U39'd6<^ix|  , 1416 

1449 


211^ 


1758-5 


i 


Chi  qpedmeos  of  different  lengths.    Specific  gravity  of  hx>n  6*977. 

^ • 1922 

2310 

sUpped  with  1863  lbs.  filed  flat,  and  crushed 

with 2363 

ditto,  ......  1495 ditto 2005 

ditto    1407 

x|     ditto    1743 

x|    ditto » 1594 

ditto    1439 


Jprii  23, 1817.    EspermenU  on  eubea  of  i  of  an  inek  taken  from  ika 

block, 
10561 

9020 

Castingr,  horizonta!.    Specific  gravity  7'\13. 

{f  xj ^... 10432 
iy<i  - 10720 
*xi  10605 
ixi     8699 

Vertical  caetinge.    Specific  granity  7*074. 

flxf    bottom  of  vertical  bar :....  12665 

lixi 10950 

in3fr75it»!  :;;;:::::::::::;:::::::::::::;::::::::::::  'JSJ 

Mli^ii '  Scii*  Vfikr 'with*  Yoi»4  ; '  triid' 

again 11000 


{i 
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ATengtfl.  IW.  ftVoiM«p«)M. 

A  prism,  having  a  logarithmic  curve  for  its  limits,  resembling  a 
column ;  it  was  f  of  an  inch  diameter  bjr  one  incn  long,  broke 
with 6954 


9982*5 


*xj 
*x| 

il 

ixf 


•AiA.KSi^i    fcoriMptal   9455 

'^"^Uxl    ditto    9374 

ixi    ditto,  bad  trial,  9006  Ibf. 

rertical    9938 

ditto    10027 

AnrU  29(h,     Horizontal  ca»Hng9, 

9006 

8845 

, 83«J 

6430 

or  one  inch  long » •  •  6321 

Vertical  cfutingt, 

^x|    9328 

ixl    8385 

^xf    a  email  defect  in  the  specimen 7896 

7018 

or  one  inch • • 6430 

Experiments  on  different  metalt. 

^x^    cast  copper,  crumbled  with 7318 

ixi    fine  yeUowbrasaiednced-jV^th  3213*  i  with...,   10304 

|x|    wrought  copper ^..••3427*i 6440 

^x^    casttin  ^•••*    552*^ 966 

^x|    castlead f 483 

The  anomaly  between  the  three  first  experiments  on  i  cubes,  and  the  two 
second  of  a  different  length,  can  only  be  accounted  for,  on  the  difficulty  of  re- 
ducing such  small  specimens  to  an  equality.  The  experiments  on  )  inch  prisms 
of  diflerent  lengths  give  no  ratio.  The  experiments  on  ^  inch  cubes,  taking  an 
average  of  the  three  first  in  each,  give  a  proportion  between  them  and  the  wree 
on  i  cubes, 

as  1  :  6*096  in  the  block  castings 
as  1  :  7*352  in  the  horizontal  ditto  ' 
as  1  :  8*035  in  the  vertical  ditto. 
In  several  cases  the  proportion  b  as  the  cubes. 

'The  vertical  cube  castings  are  stronger  than  the  horizontal  cube  castings. 
The  prisms  usually  assumed  a  curve  similar  to  a  curve  of  the  third  order, 
prerious  to  breaking. 

The  experiments  on  the  different  metals  give  no  satis- 
factory resultb.  The  difficulty  consists  in  assigning  a 
value  to  the  different  degrees  of  diminution.  When  com- 
pressed beyond  a  certain  thickness^  the  resistance  becomes 
enormous. 

Eaperimente  on  the  empeneion  of  ban. 

The  lever  was  used  as  in  the  former  case,  but  tl^e  metals  were  held  by  mppers. 
They  were  made  of  wronght-iron,  and  their  ends  adapted  to.  receive  the  bars> 
which,  by  being  tapered  at  both  extremities,  and  increwnng  in  diameter  from 
the  actual  section,  (if  I  may  so  express  it,)  and  the  jaws  of  the  nippers  being 
confined  by  a  hoop,  confined  both.  The  bars,  which  were  six  inches  long,  and 
i  square,  were  thus  fairly  and  firmly  grasped. 
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Mo.  April  80. 1817. 

45  i  inch,  cmst  iron  bur, horizontal 11661  i  .ao.e  i^ 

46ido.  do.  vertical 1218/"^^^***^ 

47  I  do.  cast  steel  previoualy  tilted 8391 

48  ^  do.  blister  steel,  reduced  per  hammer    ....   85122 

49  i  do.  shear  steel,    do.    do 7977 

50  I  do.  Svetfish  Iron,    do.    do 4504 

51  i  do.  English  iron,    do.    do 3492 

52  i  do.  ha^  gunrmetal,  mean  of  tvo  trials  ....   2273 

53  {  do.  wrought  copper,  reduced  per  hammer  . .  2112 

54  i  do.  cast  copper   1192 

55  I  do.  fine  yellow  brass 1123 

56  I  do.  cast  tin , 296 

57  i  do.  cast  lead 114 

Bemarht  on  the  lati  esperimenU. 

The  r^o  of  the  repulsion  of  the  horizontal  cast  cubes  to  the  cohesion  of 
horizontal  cast  ban,  is  8*65  :  1. 

The  ratio  of  the  vertical  cast  cubes  to  the  cohesion  of  the  rertical  cast  bars, 
is  as  914  : 1. 

Tlie  arcrage  of  the  bars,  compared  with  the  cube.  No.  16,  is  as  10-611 :  I. 

The  other  metals  decrease  in  strength,  from  cast  steel  to  cast  lead. 

The  stretching  of  all  the  wrought  bars  indicated  heat. 

The  fracture  of  the  cast  bars  was  attended  with  very  Httle  diminution  of 
section,  scarcely  sensible. 

The  experiment  made  by  M.  Prony  (which  assertB^  that  by 
making  a  slight  incision  with  the  file^  the  resistance  is 
diminished  one  half)  was  tried  on  a  |  inch  bar  of  English 
iron ;  the  result  was  2920  Ibs.^  not  a  sixth  part  less. 

This  single  experiment,  however,  does  not  sufficiently  dis-. 
prove  the  authority  of  that  able  philosopher,  for  an  incision  is 
but  a  vague  term.  The  incision  I  made  might  be  about  the 
fortieth  part  of  an  inch. 

EsperimenUon  the  twut  qfi  inch  bart. 
To  eflbet  the  operation  of  twisting  off  a  bar,  another  apparatus  was  prepared: 
it  consisted  of  a  wrought-iron  lever  two  feet  long,  having  an  arched  head  about 
1-^E  of  a  circle,  of  four  feet  diameter,  of  which  the  lever  represented  the 
tadios ;  t|)e  centfe  round  which  it  moved  had  a  square  hole  nsade  to  receive  the 
end  of  the  bar  to  he  twisted.  The  lever  *was  bdlanced  as  before,  and  a  scale 
hnng  on  the  arched'htad  ;  the  other  end  of  the  bar  being  fiied  in  a  square  hole 
in  a  pie»  of  iron,  and  that  again  in  a  vice.  The  undermentioned  weights 
lepreaent  tfaa  quantity  of  weight  pat  into  the  scale. 

May  30,  1817. 
0&  twists  close  to  the  bearing,  cast  horizontal. 
Ho,  .    IIm.  ox. 

58  f  in  ban,  twisted  as  under  with 10  14  in  the  scale. 

-     59  ^  do.  had  casting ^       8    4 

lO^do. la  11 

Average  9  15 
Cast  vertical. 

«  i 10    8 

fi2i 10  13 

63* 10  11 

Averager    10  19 
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On  different  metali. 

Noy    .  tb*.  OS. 

64  Castfted  .<< 17    9  mtfaeicile. 

65  Shear  steel 17     1 

66  Blister  flteel 16  11 

67  English  bon,  wrought 10    2 

68  Swedish  irota»  wrought    9    8 

69  Hard  gun-metal   5    0 

70  Fine  yellow  brass « 4  11 

71  Copper,  cast ••  4    5 

72Tin 1     7 

73  Lead I    0 

On  twIsU  f^fdifftrimi  lengths. 

Horizontal.  Vertica\ 

No.                                     WdihtlnMal^.  No.                                     WeiglitiB  MUtf. 

74fby|long 7    3      I      77  |  br  $  do 10     I 

75iby}do 8    1  78  ^  by  |  do 8     9 

76  i  by  I  inch  do. 8    8     |      79  i  by  1  inch  do. 8.    5 

Horiaontal  twists  at  6  from  the  bearing. 

80  I  by  6  inches  long  ..^w.^;..... 4«..^ 10  9 

81  i  bydo.  do 4 9  4 

82  i  bydo.  do ^ 4 9  7 

tSrists  of  §  inch  square  bars,  cast  korizoataUy. 
No#  qn.  Ibcos. 

83  $  close  to  the  bearing 3    9  12  end  of  the  bar  hard. 

84  i  do.   4....    2  18    0  middle  oT  the  bar. 

85  §  at  10  inches  from  bearing,  lerer  in  the  1     m  ^a    a 

middle   ...- ..../    *^    ^ 

On  twUU  ofdiffereni  materiatt. 
'  These  experiments  weire  made'  close  Uf  the  bearing,  and  the  weighis  lrer» 
atfcomulafeed  in  the  scale  untQ  the  snbstanoes  Ivere  mrenched  asunder. 
No.  Weight  in  icaie.        No.'  Weight  hi  aeale. 


86  Caststeel 19    9 

87  Shearsted 17    1 

88  Blister  steel 16  11 

89  English  iron.  No.  1  . ...  10    2 
90Swednhiron 9    8 


91  Hard  gu»4neta)  • 5    0 

92  Fine  yellow bhtts.. ••.,.«  4  11 

93  Copper 4 4     5 

94  Tin I     7 

9SUad...« ...••«•«•  1    0 


Remarkg. 
Hete  the  stteogtb  of  the  Yertical  bars  still  pr«doQdilatef . 
ITie  aTemge  of  the  two  takefi  eonjointly,  and  compared  with  a  atmilix 
case  of  §  inch  bars,  gives  the  ratio  as  (he  cubes,  as  was  aiiticii>ated. 

In  the  horizontal  castings  of  different  lengths,  the  balance 
is  in  &f  our  of  the  increased  lengths ;  but  in  the  vertiod  cast- 
ings, it  is  the  reverse,  ta  neither  is  there  any  apparent  ratio. 
In  the  horizontal  castings  at  six  inches  from  the  bearing, 
there  is  a  visible  increase^  but  not  so  great  as  when  close  to 
the  bearing* 
June  4, 1817.    MieeeUaneow  e^DpenmenU  on  the  Cfueh  ofime  eMe  inch. 

No.  K»B.  mvohdopolaCi 

96  Elm  ,...^ 1284 

97  American  pine^..i^.r.  ..«..r «v^ 1G06 

98  Whitedeal , 1928 

99  English  oak,  mean  of  two  trials 3860 

MO  Ditto,  of  » inches  Itfpg,  slipped  with S572 
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Jtt  Ibi.  afoirdcBolir. 

101  Eag&h  oak,  of /opr  inches  lonf,  slipped  with 5147* 

102  A  prism  of  Portland  stone  2  inches  long    805 

103  Ditto,  statuary  marble 3216 

104  CraigLeith 8688 

In  the  following  experiments  on  stones,  the  pressure  was  communicated 

through  a  kind  of  pyramid,  the  base  of  which  rested  on  the  hide  leather,  and 
that  on  the  stone-f  The  lerer  pressed  upon  the  apex  of  the  pyramid.  Cube:> 
of  one  and  a  half  inch. 

No.  Spec.  grav.  lbs.  avoir, 

105  Chalk  1127 

106  firiek  of  a  pale  red  colour 2*085          1265 

107  Roe-stone,  Gloucestershire 1449 

108  Bed  brick,  mean  of  two  trials    2'168          1817 

109  Vellow  laoe  baked  Hammersnuth  pariors,  3  times 2254 

110  Burnt  do.  mean  of  two  trials 3243 

111  Stourbridge  or  fire  brick 3864 

112  Derby  grity  a  red  friable  sand-stone    2*316          7070 

113  Ditto,  from  another  quarry 2*428          9776 

114  KiUaly  white  freestone,  not  stratified ^...  2*423        10264 

115  Portland  2*428        10284 

116  Craig  Leith,  white  freestone 2*452        12346 

June  5,  6,  aiid  7,  1817. 

117  YorksUre  paving  with  the  strato 2*507  1285o 

118  Ditto,  do.  against  the  strata 2*507  12856 

119  White  statuary  marble  not  veined    2*760  13632 

120  Bramley  Fall  sandstone,  near  Leeds,  with  strata   2*506  13632 

121  Ditto,  against  the  strata    2*506  13632 

122  Cornish  granite i 2*662  14302 

123  Dundee  sandstone  or  brescia,  two  kinds 2530  14918 

124  A  two-inch  cube  of  PorUand     2*423  14918 

125  Craig  Leith  with  the  strata    2*452  15560 

126  Deronshire  red  marble,  rariegated 16712 

127  Compact  limestone 2-584  17354 

128  Peterhead  granite  hard  close  grained 18636 

129  Black  compact  limestone.  Limerick 2*598  1 9924 

130  Purbeck   2*599  20610 

131  Black  Brabant  marble    2*697  20742 

132  Very  hard  freestone  .* 2.528  21254 

133  White  Italian  reined  marble 2*726  21783 

134  Aberdeen  granite,  bine  kind 2*625  24556 

N.  B.   The  specific  gravities  were  taken  with  a  delicate  balance,  mhde  by 

Creigfaton  of  Glasgow,  all  with  the  exception  of  two  specimens,  which  were  b} 
accident  omitted. 

RemarbB. 
In  observing  the  results  presented  by  the  preceding  table, 
it  will  be  seen  that  little  dependence  can  be  placed  on  the 

*  The  experiments  on  woods  are  considerably  below  those  of  other  writers ; 
and  it  appears  singular  that  the  four-inch  specimen  should  be  stronger  than  the 
shatter  length.     According  to  Rondelet's  experiments,  to  crush  a  cubic  inch  of 
ock  it  required  from  5000  to  6000  lbs.  aroirdupoise 
of  fir       -         from  6000  to  7000  lbs. 

In  the  former  the  pieces  were  compmsed  one-third  of  their  length ;  in  the  latter 
one-ha^  of  thdr  IsDfth  (Rondelet's  VArt  de  BAtir,  torn.  ir.  p.  ^7.)  Mr.  Rennte 
has  not  stated  the  diminution  of  length. 

t  It  certainly  would  have  been  preferable  to  have  placed  a  hard  and  rigid 
fohatance  next  the  stone,  in  order  to  secure  equality  of  pressure. 

Q 
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«pecific  gravitiea  of  stones,  bo  far  as  regtfds  their  repttlsife 
powers,  although  the  inercaae  m  certainly  in  fevoiir  of  tibeir 
specific  gravities.  Bat  there  would  appear  to  be  some  unde- 
fined law  in  the  connection  of  bodies,  with  which  the  specific 
gravity  has  little  to  do.  Thus,  statnary  marble  has  a  spccftlic 
gravity  above  Aberdeen  granite,  yet  a  repulsive  power  not 
much  above  half  the  latter.  Again,  hardness  is  not  altogether 
a  characteristic  of  strength^  inasmuch  as  the  limeetoues,  which 
yield  readily  to  the  scratch,  have  neverthelesa  a  repulsive 
power  approaching  to  granite  itself. 

It  is  a  curious  iact  in  the  rupture  of  amorphous  stones, 
that  pyramids  are  formed,  having  for  their  base  the  upper 
side  of  the  cube  next  the  lever,  the  action  of  which  dispUices 
the  sides  of  the  cubes,  precisely  as  if  a  wedge  had  operated 
between  them.  I  have  preserved  a  number  of  the  Bpecimens, 
the  sides  of  which,  if  continued,  might  cut  the  cubes  in  tba 
direction  of  their  diagonals. 

JgjTPgrtmtfsfa  nutde  xm  the  trmuver^e  itrain  of  coit  ban,  the  end$  looie. 
June  8IA,  1817.* 

W«isbt  or  the  dUt.  ofbnriag*.    lbs. 
DRTt,  lbs.   OK.      ft.    In.         nrtiir. 

135  Baroflittchvqimre 12    6  3  d  Siflt 

136  /Do.  of  1  inch  do. 9    8  2  8  lOSTi 

137  1  Half  the  abore  bur 1  4  2320 

138  /Bar  of  1  inch  ■qnarey  through  the  diagonal         2    8  2  8  851 

139  1  Half  the  abore  bar 1  4  1587 

140  /Bar  of2  inches  deep,  byf  inch  thick   9    5  .2  8  218» 

141  \  Half  the  abore  bar 1  4  4508 

*  A  bar  of  cast-iron,  from  a  Welah  foundry,  which  did  not  yield  eamly  to 
the  file,  was  laid  npon  supports  exactly  three  feet  apart ;  the  bar  was  an  inch 
square,  and  when  308  pounds  were  put  into  a  scale  suspended  from  the  nuddle 
of  its  length,  the  deflexion  was  fbund  to  be  3-16Cbs  of  an  inch ;  whence  the 
height  of  the  modulus  of  elasticity  is  6,386,688  feet  The  experiment  was 
made  by  Mr.  R.  Ebbds,  at  Gamons,  near  Hereford.  A  joist  of  cast-iron^  nine 
inches  deep,  resembling  in  form  the  letter  I,  was  laid  upon  supports  19  feet 
apart,  first  on  its  edge,  when  the  deflexion  from  its  own  weight  was  3-40thB  of 
an  inch.  It  was  then  laid  flatwise,  and  the  deflexion  from  its  own  weight  was 
3}  inches.  The  casdngs  were  from  Messrsi  Dowsons'  foundnr,  Edgware-road. 
llie  iron  yielded  easily  to  the  file.  Th^  height  of  the  modulns  of  cla^tititj 
according  to  the  experiment  on  the 

,  joist  flatwise  to        5,100,000  feet, 
— —  on  the  edge  is  5,700,000  feet 
The  deflexion  being  rery  small  when  the  joist  was  on  its  edge,  perhaps  it  was 
not  measured  with  the  necessary  degree  of  accuracy,  as  a  rery  small  error 
would  cause  the  diiference  in  the  result    The  following  tablet  contains  the 
ralue  of  the  modulus  for  east-iron,  according  to  the  experiments  abore  ttat^. 

Height  of  modulus  in  feet.  Experii>ent«Uata. 

Cast-iron  (Welsh) 6^)86,688  B3>beU. 

Cast-iron 3,500,000  Banks. 

Cast-iron,  grey  French 5,095,480  Rondelet 

Cast  iron ,  soft  do 4 ,247,000  Rondelet 

Cast-iron 5,700,000  By  my  trial. 
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142  /Bar  3  inches  deep,  by  I  iDC&  thick  ...,,...      9  15        2    9       aMt 

143  \Half  theUr 14        6854 

144  Bflr4iiicheirlpriui<htliiQk  .,v 9    7        2    8        3079 

145  EquUatefBl  triangles  with  the  angle  np  and  down. 

14<r   TEdgeorangleup 9  11  2  t  UST 

147   I  angled*^ »    7  9  »  «4f 

1411  %  Hllf the fiivthwr  •..»,.... ,••«.*..  •...  1  4  3059 

149  ^Qalf  the  second  bar «...  1  4  1656 

150  A  feather-edged  or  j.  bar  was  cast  whose  dlsKuslens  wera 

151  r2^iiichesdee^b3r2wide 14  »      edgewa    g       2105 

152  IHsIf  of  ditto 

N.  B.  All  these  ban  eoutained  the  same  area,  thongh  ^BiTetenCly  cBstribnted  as 
to  their  forms. 

EaperimenU  made  on  theharofA  incheg  deep  hy  f  inch  tkiek^  by  gkhg  it 
dijfereniformtf  the  bemringt  at  2  feet  8  tncAet,  as  before, 

Vo,  lbs.  Ibc. 

153  Bar  formed  into  a  semi-ellipse,  w  sighed 7        4000 

154  Ditto,  parabolic  on  its  lower  edge 3860 

Ditto,  of  4  inches  deep  by  I  inch  thick 3979 

Esperimenie  on  the  tfmuoene  sffxrfn  of  bare,  one  end  madefaet,  the  weight 
bnng  etupended  at  the  other y  ai  2 /set  8  ineheefrom  the  bearing. 

155  An  inch  square  bar  bore *.... 280 

156  A  bar  2  inches  deep  by  fan  inch  thick 539^ 

157  An  faich  bar,  the  ends  made  fast..,.. 1173 

The  pandoxi^  eaqperimeat  of  EmersoD  was  tried,  which  states  that  by 

cutting  off  a  portion  of  an  equQaterat  triangle  (see  page  114  of  Emerson's 
Mechanics)  Ae  bar  is  stronger  than  befovey  thai  is,  a  part  ttromger  than  tha 
whole.  Tbe  ends  were  loose  at  two  feet  eight  inches  anart  as  before.  '^  edge 
from  which  the  part  was  intercepted  was  lowermost,  the  weight  was  applied  on 
the  liase  above,  it  brdie  with  1129  pounds,  whereas  in  the  other  esse  it  bort 
only  946  ponnds. 

Bemarhs  on  the  traneveree  etrain, 

BwIqi  makes  his  bar  from  the  cupola,  when  placed  on  besHngs  three  feet 
asimdei,  and  the  enA  loose,  to  bear 864  Ibsi 

Now  ail  my  bars  wen  east  firooi  tile  capsla,  the  diflterenoe  wastflierelore  3&  Vm^ 

I  adopted  a.  space  of  two  feet  eight  inches  asunder,  as  being  more  convenient 
for  my  apparatiis,  T^t  strength  or  the  different  bars,  all  eases  being  the  same, 
approaches  nearly  to  the  theory,  which  makes  the  comparatSve  rallies  ss  the 
breadths  multiplied  into  the  squares  of  the  depths.  The  halves  of  the  bass 
wei^tried,  merely  to  keep  up  the  analogy^  The  bar  of  fow  ineiies  dsep»  how- 
ever«  falls  short  of  Aeory  by  365  poundsb  It  is  esideitf  we  eauwt  extesid  the 
systoB  of  despeaing  the  bar  srach  fttrthev,  nor  doss  the  (hssry  exustly  maintain 
inthseao^of thftaquiktsraltsiaagleby ,   243Umu 

Ifhft  dis9«Bfll  poskisn  of  the  square  W ,  is  actually  worse  than  when  hod  oB 


^^  to  ma»y  assestiona. 

The  same  qmm^  of  msitsl  in  the  feather-edged  bar  was  not  so  strong  as 
IB  the  €m»-insb  bar. 

The  ssml-eUiplical  bar,  exceeded  the  four-inch  bar,  although  taken  oot  of  it 
Tbf  parahoBc  bar  came  near  it. 

The  bar  made  fast  at  both  ends,  I  suspect  must  hare  yielded,  although  Ae 
ends  were  made  6st  by  iron  stnms.  The  experiments  from  Kmeison,  on  acMs 
of  difllerent  foims,  mi^  be  made ;  bat  the  titfie  and  trouble  those  eKpeHflssnts 
have  already  cost,  have  eoBipelled  me  to  relinqsush  ftirthev  ponaits  for  the 
preseat.  If,  however,  in  the  sbsenee  of  better,  they  arc  worthy  of  the  usdul- 
i  ei  the  Royal  Sodaty,  it  will  not  only  he  &  eonsBftation  to  fm  ths^  sty 

o2 
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labours  merit  their  attention,  but  a  further  inducemeot  to  prowcutf  th€ 
inraitigation  of  nefal  facts,  whiehy  even  in  the  present  adTanoed  state  of 
luioirledge»  will  yet  admit  of  addition. 

The  science  of  construction  is  yet  iu  its  in£&ncy,  and  cer- 
tainly requires  many  additions.  The  first  experiments  on 
the  strength  of  materiaLi  i^pear  to  have  been  made  before 
the  Royal  Society ;  and  there  can  be  no  doubt  that  a  &vour- 
able  reception  will  be  given  to  any  others  that  will  tend  to 
elucidate  a  subject  which  is  likely  to  form  one  of  the  prin- 
cipal branches  of  an  engineer's  education ;  as  he  must  either 
proceed  on  the  principle  of  science,  or  be  directed  by  a 
feeling  of  fitness,  which  is  to  be  acquired  only  by  devoting  a 
lifetime  to  the  practice  of  his  art. 


HYDRAULIC  ENGINES. 

This  term  is  applicable  to  all  machines  driven  by  the  force 
of  water ;  consequently  we  have,  under  the  article  **  Water- 
mills/'  already  treated  of  the  most  extensive  branch  of  these 
machines.  Those  which  have  now  to  claim  our  attention, 
are  such  as  could  not  with  propriety  be  introduced  under 
that  head,  and  which  arc,  upon  the  whole,  of  too  much  im- 
portance, both  with  respect  to  the  conveyance  of  water,  and 
as  accessions  to  mechanical  combinations^  to  be  entirely 
omitted. 

1.  Of  all  the  hydraulic  machines  invented  by  the  ancients, 
though  Archimedes'  screw  is  the  most  curious^  the  tympannm 
raises  the  greatest  quantity  of  water  at  once. 

It  consists  of  a  great  hollow  wheel,  composed  of  several  planks  joined 
together,  and  well  calked  and  pitched,  forming,  as  its  name  imports,  a 
kind  of  barrel  or  drum,  and  having  an  honiontal  axle  on  which  it 
turns.  The  interior  is  divided  by  eight  partitions  into  as  many  equal 
spaces  or  cells,  each  of  which  has  an  orifice  of  about  half  a  foot  in  the*rim 
of  the  drum  or  wheel,  shaped  so  as  to  fiunlitate  the  admission  of  the 
water:  there  are,  moreover,  eight  hollow  channels  running  contiguous 
to  each  other  and  parallel  to  the  axle  of  the  wheel,  each  corresponding  to 
one  of  the  eight  large  cells,  through  which  the  water  passes  Irani  the  cells 
just  mentioned,  and  after  running  along  the  channels  to  a  convenient 
distance  escapes  through  orifices  into  a  reservoir  placed  just  beneath  the 
axle  of  the  wheel.  Thus  the  water  is  elevated  through  a  vertical  space 
equal  to  Uie  radius  of  the  hollow  wheel.  When  the  tympanum  is  used  to 
raise  water  from  a  running  stream,  it  is  moved  by  means  of  float-boards 
impelled  by  the  stream;  but  when  employed  to  raise  sta^ant  water,  it 
receives  motion  from  a  fooUwheel  placed  on  the  same  ^aft,  which  is, 
as  we  have  already  described  under  the  article  "  Foot-mill,"  turned  by  men 
walking  inside.    The  chief  defect  of  this  machine  is,  that  it  rsises  the  water 
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hi  the  most  dttsdvaiitageous  aituation  possible:  for  the  load  being  ibimd 
alwBjs  towards  the  extremity  of  a  raoius  of  t'le  wheel,  the  arm  of  the 
effective  lerer  which  answers  to  it,  increases  through  the  whole  quadrant  the 
water  describes  in  passing  from  the  bottom  of  the  wheel  to.  the  altitude  of 
its  centre ;  so  that  Uie  power  must  act  in  like  manner  as  if  it  were  applied 
at  a  winch-handle,  and,  c<»iseqttentlyy  cannot  act  uniformly. 

2.  M.  de  la  Fnye,  to  remedy  this  defect,  devised  a  ma- 
chine which  may  here  be  described,  together  with  the  process 
of  reasoning  that  led  to  it. 

When  we  derelope  ihe  drcumference  of  a  ciicle,  a  cnrre  is  described 
(i.  e.  the  involnte)  ot  which  all  the  radii  are  so  manv  tangents  to  the  circle, 
and  are  likewise  all  respectively  i>erpendicular  to  the  several  points  of  the 
curve  described,  which  has  for  its  greatest  radius  a  line  equal  to  the 
pNeripbeiy  of  the  circle  evolved.  The  truth  of  which  is  shown  by  geometri- 
cians when  treating  of  the  genesis  of  evolute  and  involute  curves. 

Hence,  having  an  axle  whose  circumference  a  little  exceeds  the  height 
which  the  water  is  proposed  to  be  elevated,  let  the  circumference  of  the 
axle  be  evolved,  and  make  a  curved  canal  whose  curvature  shall  coincide 
throughout  exactly  with  that  of  the  involute  just  formed :  if  the  further 
extremity  of  this  canal  be  made  to  enter  the  water  that  is  to  be  elevated, 
and  the  other  extremity  abut  upon  the  shaft  which  is  turned ;  then  in  the 
coarse  of  the  rotation  the  water  will  rise  in  a  vertical  direction,  tangential 
to  the  shaA,  and  perpendicular  to  the  canal  in  whatever  position  it  may 
be.  Thus  the  action  of  the  weight  answering  always  to  the  extremity  of  a 
horizontal  radius  will  be  as  though  it  acted  upon  the  invariable  arm  of  a 
lever,  and  the  power  which  raises  tlfe  weight  will  be  always  the  same :  and 
if  the  radius  of  the  wheel,  of  which  this  hollow  canal  serves  as  a  bent  spoke, 
is  equal  to  the  height  that  the  water  is  to  be  raised,  and  consequently  equal 
to  the  circumference  of  the  axle  or  shaft,  the  power  will  be  to  the  load  of 
water  reciprocally  as  the  radius  of  a  circle  to  its  circumference,  or  directly 
as  1  to  6f  nearly. 

In  M.dela  Fojfe^s  opinion,  the  machine  ought  to  be  composed  of  four  of 
these  canals :  but  it  has  often  been  constructed  with  eight,  as  represented 
in  ^.  210.  The  wheel  being  turned  bj  the  impulsion  of  the  stream  upon 
the  float-boards,  the  orifices  F,  £,  D,  C,  ficc.of  the  curtilinear  canals,  dip  one 
after  another  into  the  water  which  runs  into  them ;  and  as  the  wheel  revolves 
the  fluid  rises  in  the  canals,  f,  e,  d,  c,  &c.  and  runs  out  in  a  stream  P  from 
the  holes  at  O;  it  is  received  into  the  trough  Q,  and  conveyed  from  thence 
by  pipes. 

By  this  construction  the  weight  to  be  raised  offers  always 
the  same  resistance,  and  that  the  least  possible,  while  the 
power  is  applied  in  the  most  advantageous  manner  the  cir- 
cumstances will  admit  of:  these  conditions  both  fulfilled  at 
the  same  time  furnish  the  most  desirable  perfection  in  a 
madnne.  Further,  this  machine  raises  the  water  by  the 
shortest  way,  namely,  the  perpendicular,  or  vertical ;  in  this  • 
respect  being  preferable  to  Archimedes'  screw,  where  the 
water  is  carried  up  an  inclined  path:  and  besides  this,  each 
curved  channel  in  this  wheel  empties  all  the  water  it  receives 
in  every  revolution,  while  the  screw  of  Archimedes  deliv-ers 
puly  a  small  portion  of  the  fiui4  it  is  charged  with,  beings 
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often  loaded  with  twenty  times  tm  much  weler  as  is  discharged 
in  one  rotation ;  and  thus  requiting  au  enormous  increase  of 
labour  when  a  large  quantity  is  Intended  to  be  raised  by  it. 

Tbe  Dttture  and  advantages  of  thia  wheel  evince  very  finrci* 
bly  how  far  the  «pecnlationB  of  geonwitere  are  from  bang  so 
iivfruitliil  in  usenl  applicatiaBa,  as  ia  often  indnuated  by 
praetiqal  men* 

3.  The  wheel  just  described  would,  we  think,  be  tibe  naoat 
peifeet  flf  any  that  could  be  en^loyed  for  ndsing  water,  had 
n  not  the  Asadratttage  attenchng  the  tympanufo,  which  is, 
that  it  can  only  raise  water  to  the  height  of  its  semidiaraeter. 
As  in  many  cases  water  is  to  be  raised  higher  than  the  radius 
of  any  wheel  can  well  be  naade  for  practice,  we  shall  uezt 
^eserHie  a  nadi&ne  called  the  Nana,  oomnmn  in  SpeSn, 
which  ndses  water  nearly  through  a  diameter. 

Vm  ^nti  consists  of  a  vertical  wheel  of  20  feet  diameter^  on  (he 
circum&renoe  of  which  ace  £xe4  a  nuniber  of  little  hoxes  or  square  bucket^ 
/or  the  purpose  of  raising  the  water  out  of  the  weS,  comtuunicating  with 
the  canal  beioW|jyBd  to  empty  it  in  a  reservoir  above,  placed  by  the  side 
jf)£  the  wheel  Ihe  buckets  have  a  lateral  orifice,  to  reoeive  and  to  dis- 
jcharge  the  water.  The  axis  of  this  wheel  is  embraced  by  four  smaU 
beams,  croosuoig  each  other  at  right  angles,  tapering  at  the  extrenutiea^ 
and  fianniug  ei^ht  little  anna.  Hiis  wbeel  is  near  the  centre  of  the 
hoEse-walk,  contiguous  to  the  vertical  axis,  into  the  tc»  of  wliich  the  hofse^ 
beam  is  fixed ;  but  near  the  bottom  it  is  embraced  oy  four  little  beams, 
ioTtoiog  eight  arms  similar  to  (those  above  described,  on  the  axis  of  the 
water-wheet  As  the  mule  whidh  they  use  goes  round,  these  horizontal 
arms,  supplying  the  place  of  cogs,  take  hold,  each  in  succession,  of  those 
arms  which  are  fixea  on  the  mi  of  the  water-wheel,  and  keep  it  in 
Kotation. 

This  machine,  than  whkh  nethtng  can  be  elMmper,  dirawa 
>  a  great  quantity  of  water;  yet  undovbtecQy  it  has  two 
^fects:  tbe  first  is^  ttiat  part  of  tfie  water  runs  out  of  the 
buckets  and  falls  back  into  the  weD  after  it  lias  been  raised 
nearly  to  the  level  of  the  reservoir :  the  second  is,  that  ^ 
yonpidfr^bie  proportJOB  of  the  wat^  to  be  diachaiged  ia 
saieed  h^^er  than  the  resenKoify  and  &lls  into  it  only  at  the 
nMHnent  when  the  bucket  is  at  the  bigiiest  point  of  the 
cirele,  and  tmtiy  to  descends  These  inconveniences  am  botb 
iwiwdied  bf  the  contrivance  mentioned  in  the  next  paragraph. 

4.  The  Persian  whael  is  a  name  given  to  a  machme  for 
fdisA^g  water^  which  may  be  turned  by  means  of  a  stream 
A  B  actiag  won  the  wheel  C  D£  according  to  tbe  order  of 
tshelettensi  (%,2iO0 

the 

must 
rUiat 
part  of  the  stream  in  whi<^  the  whed  is  placed.    As  the  wheel  tonuy  tim 


del 


budkels  xm  the  n^bt  huul  gp  diown  into  the  water^^ere  they  aie-eiledf 
and  reUiTB  \ip  {oil  on.  (he  left  hand,  till  thev  come  to  the  top  at  K ;  ^wliere 
fhey  strike  against  ^e  end  s  of  the  fixed  tixm^  M,  by  which  they  are 
mfengtf  and  so  empty  the  wntev  into  the  trough;  from  ^whence  it  ia  to  be 
<Qaveyed  in  piMS  to  any  place  it  ia  tntended  for :  an4  as  eauck  bncket  gels 
oTer.  the  trougn,  it  fells  into  a  perpendicular  position  anin,  and  so  goea 
down  empty  till  it  conges  to  the  water  at  A,  where  it  is  fiUed  as  before.  On 
each  bucket  is  a  spring,  r,  which  going  over  the  top  or  crown  of  the  bar  m 
(fixed  to  the  Isoa^  M)  raises  the  bottom  of  the  hnaeket  above  the  level  of 
its  mouth,  and  so  causes  it  to  empty  all  its  water  into  the  trough. 

To  determine  the  due  relation  of  the  power  and  the  weight  so  that  this 

wheel  may  be  capable  of  producing  the  greatest  effect^  the  following  may 

be  taken  as  a  good  approximation.    After  havins  fixed  the  diameter  of  the 

wheel,  which  must  be  something  greater  than  the  altitude  to  which  the 

water  is  to  be  raised;  fix  also  upon  an  even  number  of  buckets  to  be  hung 

at  equal  distances  round  the  periphery  of  the  wheel,  and  mark  the  position 

of  their  centres  of  motion  in  such  a  manner  that  they  will  stand  in  correa* 

pondins  positions  in  every  quarter  of  the  circle :  conceive  vertical  lines 

drawn  through  the  centre  of  motion  of  each  bucket  in  the  rising  part  of  tha 

wheel;  they  will  intersect  the  horizontal  diameter  of  the  wheel  in  points  at 

which,  if  the  buckets  were  hung,  they  would  furnish  the  same  resistance  to 

the  moving  force  as  they  do  when  hanging  at  their  respective  places  on  the 

fim  of  the  wheel.    Thus,  sup]^i&g  there  were  IB  equidistant  buckets; 

then  while  eight  hung  on  each  side  a  vertical  diameter  of  the  wheel  there 

would  be  eight  on  the  other  side,  and  two  would  coincide  with  that  diameter : 

in  this  ease  the  resistance  arisii^  from  all  the  full  buckets  would  be  the  same 

as  if  one  bucket  hung  on  the  prolongation  of  the  horizontal  diameter  at  the 

distance  of  2  sin.  20o  f  2  sin.  40^  +  2  sin.  60^  +  2  sin.  80^,  these  being 

the  sines  to  the  common  radius  of  the  wheel. 

To  know  the  quantity  of  water  that  each  bucket  should  contain,  take  |  of 
the  absolute  force  of  the  stream,  that  is,  i  of  the  weight  of  the  prism  ot 
water  whose  base  is  the  surface  of  one  of  the  float-boards,  ana  whose 
hei^  is  that  through  which  water  must  fall  to  acquire  the  velocity  of  the 
stream;  so  have  we  the  power  tfiat  should  be  in  equilibrio  with  the  weight 
of  water  in  the  backets  of  the  rising  semicircle.  Then  say,  as  the  sum  of 
the  sioes  mentioned  above  is  to  radius,  so  is  the  power  iust  found  io  a 
fi>orth  term,  the  half  of  which  will  be  the  weight  of  water  tnat  ought  to  be 
contained  in  one  bucket  Lastly,  as  the  velocity  of  the  wheel  will  be  to 
that  of  the  stream  nearly  as  1  to  2f,  the  quantity  of  revolutions  it  makes  in 
any  determinate  time  becomes  known,  and,  by  consequence,  the  quantity 
of  water  the  wheel  will  raise  in  the  same  time ;  since  we  know  the  capacity 
of  ^ch  bucket,  and  the  number  of  them  emptied  in  every  revolution  of  tha 
wlieeL 

6.  Another  eontrivance  for  raising  water  similar  to  the 
dudn-piiiDp,  which  is  described  in  another  part  of  the  woA, 
is  an  endless  rope  with  stuffed  cushions  hung  upon  it,  which^ 
by  aeaofi  of  two  wheels  or  drams,  are  caused  to  rise  in 
avceesaian  in  the  same  barrel,  and  to  carry  water  with  thesi. 
From  ths  veaemblaiice  of  tfab  appaiatua  to  a  string  of  beads, 
U  ia  uaiialljr  caItfid|iafirtM»^Hy<irA.  But  in  this,  as  weQ  aa 
the  diain-pumpy  the  magnitude  of  the  frietion  is  a  fbnmdaUe 
practical  objection. 

6.  Jets  and  finuilaitta  ave  nol  nam  coBsidered  as  pondnciye 
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to  picturesque  beauty ;  nor  can  they  be  reckoned  of  much 
ulikty,  except  perhaps  in  hot  climates;  we  have  not  there- 
fore described  any  in  this  work.  But  in  the  fountain  of  Hiero 
of  Syracuse^  a  principle  is  introduced  which  has  been  found 
of  great  utility  in  larger  works;  for  the  head  of  water  is 
actually  lower  than  the  orifice^  but  the  pressure  is  communi- 
cated by  the  intervention  of  a  column  of  air :  the  construction 
of  this  fountain  is  as  follows: 

Itconsistsoftwoyessels  KLMN(%.212)aiidOPQR,whicbare  dose 
on  all  sides.  A  tube  A  B,  having  a  &nnel  at  the  top,  passes  throup^h  the 
upDermost  vessel  without  communicating  with  it,  being  soldered  into  its  top 
and  bottom.  It  also  passes  through  the  top  of  the  unaer  vessel,  where  it  is 
likewise  soldered,  and  reaches  almost  to  its  bottom.  This  tube  is  open  at 
both  ends.  There  is  another  open  tube  S  T,  which  is  soldered  into  tne  top 
of  the  under  vessel  and  the  bottom  of  the  upper  vessel,  and  reaches  almost 
to  its  top.  These  two  tubes  serve  also  to  support  the  upper  vessel.  A 
third  tube  GF  is  soldered  into  the  top  of  the  upper  vessel,  and  reaches 
almost  to  its  bottom.  This  tube  is  open  at  both  ends,  but  the  orifice  G  is 
very  small.  Now  suppose  the  uppermost  vessel  filled  with  water  to  the 
height  £  N,  E  e  being  its  surface  a  little  below  T.  Stop  the  orifice  G  with 
the  finger,  and  pour  in  water  at  A.  This  will  descend  through  A  B,  and 
compress  the  air  in  O  P  Q  R  into  less  room.  Suppose  the  water  in  the 
under  vessel  to  have  acquired  the  sur&ce  C  c,  the  air  which  formerly 
occupied  the  whole  of  the  spaces  O  P  Q  R  and  K  L^E  will  now  be  con- 
tained in  the  spaces  oPcC  and  KLeE;  and  its  elasticity  will  be  in 
^uilibrio  with  the  weight  of  the  column  of  water,  whose  base  is  the  surface 
£  0,  and  whose  height  is  A  c.  As  this  pressure  is  exerted  in  every  part  of 
the  air,  it  will  be  exerted  on  the  sur&ce  £  0  of  the  water  of  the  upper 
vessel;  and  if  the  pipe  F  G  were  continued  upwards,  the  water  would  be 
supported  in  it  to  a  height  eH  above  £e,  equsu  to  A  c.  Tlierefore,  if  the 
finger  be  now  taken  from  off  the  orifice  G,  the  fluid  will  spout  up  through 
it  to  the  same  height  as  if  it  had  fallen  through  a  tube  whose  altitude  is 
e  H.  So  long  as  there  is  any  water  in  the  vessel  K  L  N  M  there  will  be  a 
discharge  through  the  orifice :  therefore  the  play  of  the  fountain  will  con- 
tinue whilst  the  water  contained  in  the  upper  vessel,  having  spouted  out, 
falls  down  through  the  pipe  A  B :  the  height  of  the  water  measured  from 
the  basin  V  A  W  to  the  surface  of  the  water  in  the  lower  vessel  O  P  Q  R 
is  always  equal  to  the  height  measured  from  the  top  of  the  jet  to  the 
surface  of  the  water  in  the  vessel  K  L  M  N.  Now,  since  the  surface  E  e 
is  alvFays  falling,  and  the  water  in  the  lower  vessel  always  rising,  the 
height  of  the  jet  must  continuaUy  decrease,  till  it  is  shorter  by  the  depth 
of  kLMN,  which  is  empty,  added  to  the  depth  of  OPQR,  whidi  is 
always  filling ;  and  when  the  jet  is  fallen  so  low,  it  immediately  ceases  to 
play. 

7-  A  machine  designed  to  raise  water  to  a  great  height  for 
the  irrigation  of  laud,  in  such  situations  as  have  the  advantage 
of  a  small  fiall,  is  described  in  Dr.  Darwin's  PAytologia:  aa 
it  depends  on  the  principle  of  Hiero's  fountain^  it  may  pio-r 
perly  be  inserted  here. 

Fig.  211,  s,  6,  is  the  stream  of  water. 

k,  e,  e,  represents  the  water-fidl^  supposed  to  be  10  feet» 


AND  MACHlNfUT.  233 

4>  e,  are  two  leaden  or  iron  Tessels,  containing^  a  certaia  quantity  of 
frater,  which  may  be  computed  to  be  about  four  gallons  each. 

^  jr»  A>  If  A,  4  are  leaden  Tessels,  each  holding  about  two  quarts. 

o,  p,  two  cocks,  each  of  which  passes  through  two  pipes,  opening  the  one 
and  closing  the  other. 

^9  r,  is  a  w^ter-bakmce,  that  mores  on  its  centre  «,  and  by  which  the 
two  cocks  0  and  p  are  alternately  turned. 

e,  u,  and  w,  s,  are  two  air-pipes  of  lead^  both  internally  H  inch  in 
diameter. 

Wt^i  9»*»  9*  '  >  ^^  water-pipes,  each  being  one  inch  in  diameter. 

llie  pipe  by  e,  r,  is  always  full  from  the  stream  a,  b :  the  small  cisterns 
g;  i,  I,  and  the  large  one  d,  are  supposed  to  have  been  previously  filled  with 
water.  The  fluid  may  then  be  aomitted  by  turning  the  cock  o,  through  the 
pipe  c,  e,  into  the  large  cistern  e.  This  water  will  press  the  air  confined  in 
the  cistern  e  up  the  air-pipe  w,  s,  and  will  force  the  fluid  out  of  the  cisterns 
ff,iyl9  into  those  marked  A,  k,  and  C— At  the  same  time,  by  opening  B,  the 
water  and  condensed  air,  which  previously  existed  in  the  large  cistern  d, 
and  in  the  smaller  ones  marked  /,  A,  ik,  will  be  discharged  at  B.  After  a 
short  time,  the  water-balance,  y,  r,  «,  wDl  turn  the  cocks,  and  exclude  the 
water,  while  it  opens  the  opposite  ones :  the  cisterns /;  A,  ik,  are  emptied  in 
tlieir  turns  by  the  condensed  air  from  the  cistern  4,  as  the  water  progressively 
enters  the  latter  from  the  pipe  b,  e. 

8.  A  very  ingenious  application  of  the  same  principle  hsm 
been  made  in  the  celebrated  Hungarian  machine,  at  Chemnitz. 
The  best  account  wc  have  been  able  to  obtain  of  this  is  the 
foliovring : 

In  fig.  213,  A  represents  the  source  of  water  elevated  136.  feet  above  the 
mouth  of  the  pit.  From  this  there  runs  down  a  pipe  D  of  four  inches 
diameter,  which  enters  the  top  of  a  copper  cylinder  B,  8|  feet  high,  5  feet  dia^ 
meter,  and  2  inches  thick,  and  reaches  to  within  4  inches  of  theJ>ottom : 
it  Ins  a  cock  at  I. 

This  cylinder  has  a  cock  at  Q,  and  a  very  large  one  at  N.  From  its 
top  proceeds  a  pipe  VEC,  two  inches  in  diameter,  which  goes  96  feet 
down  the  pit,  and  is  inserted  into  the  top  of  another  brass  cylinder  C,  which 
is  6§  feet  high,  four  feet  diameter,  and  two  inches  thick:  the  latter  contain- 
ing about  83  cubic  feet,  which  is  nearly  one  half  of  the  capacity  of  the 
foimer,  viz.  170  cubic  feet.  There  is  another  pipe  FO  of  four  inches  dia- 
meter, which  rises  from  within  four  inches  of  the  bottom  of  this  lower 
cylinder,  is  soldered  into  its  top,  and  rises  to  the  trough  Z  which  carries  off 
the  water  from  the  mouth  of  the  pit.  This  lower  cylinder  communicates  at 
the  bottom  with  the  water  O,  which  collects  in  the  drains  of  the  mines.  A 
laige  cock  P  serves  to  exclude  or  admit  Uiis  water :  another  cock  M  at  the 
top  of  this  cylinder  communicates  with  the  external  air. 

Now,  suppose  the  cock  I  shut,  and  all  the  rest  open :  the  upper  cylinder 
will  contain  air,  and  the  lower  cylinder  will  be  filled  with  water,  because  it 
is  sunk  so  deep  that  its  top  is  below  the  usual  surface  of  the  mine-waters. 
Shot  the  cocks  Q,  N,  M,  F,  and  open  the  cock  I.  The  water  of  the  source 
A  most  run  in  by  the  orifice  J,  ana  rise  in  the  upper  cylinder,  compressing 
the  air  above  it  and  along  the  pipe  VEC,  and  thus  acting  on  the  surfece 
of  the  water  in  the  lower  cylinder.  It  will  therefore  cause  it  to  rise  gradually 
in  the  pine  O  F,  where  it  will  always  be  of  sudi  u  height  that  its  weight 
balances  the  elasticity  of  the  compressed  air.  Suppose  no  issue  given  to 
(be«air  from  the  upper  cylinder,  it  would  be  compressed  into  one-fiuh  of  its 
))ulk  by  the  column  of  136  feet  high;  for  a  column  of  34  feet  nearly 
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Maciees  the  ordinaiy  elasticity  of  the*air.    Therefbre,  ivh«n  there  is  tn 
issae  given  to  it  through  the  pipe  V  EC,  it  will  drive  the  compressed  air 
along  this  pipe,  and  it  will  expel  -water  from  the  lower  cvlmdcr.    When 
the  upper  cylinder  is  full  of  water,  there  will  he  34  cubic  feet  of  water 
expelled  from  the  lower  cylinder.    If  the  pipe  O  P  had  been  more  than 
186  feet  long,  the  water  would  hav«  risen  136  feet,  being  then  in  equiKhrio 
with  the  water  in  the  feeding  pipe  D  by  the  intervention  of  the  clastic  air ; 
hut  BO  more  water  would  have  been  expelled  from  thf  lower  cylinder  than 
what  fills  this  pipe.    But  the  pipe  being  only  96  feet  high,  the  water  will 
be  thrown  out  at  Z  with  a  considerable  velocity.    If  it  were  not  for  the 
great  obstractions  which  vreiter  and  air  nrast  meet  with  in  their  passage 
along  pipes,  it  wovdd  issue  at  Z  with  a  velocity  of  more  than  50  net  per 
second.    It  issues  however  much  tpx>rt  slowly,  and  at  last  the  upper 
cylinder  is  full  of  water,  and  the  vratcr  would  enter  the  pipe  V  £  and  enter 
the  lower  cytinder,  md,  without  displacing  the  air  in  it,  would  rise  through 
the  disdiargtnp  pipe  O  P,  and  ron  off  to  waste.    To  prevent  this  diere 
hangs  in  the  ptpe  V  £  a  cork  ball  or  double  cone,  by  a  brass  wire  which 
is  stdded  by  holes  in  two  cross  pieces  in  that  pipe.    When  the  upper 
cylinder  is  filled  wi^  water,  this  cork  plugs  up  the  orifice  V,  and  no  water 
is  wasted ;  the  influx  at  J  now  stops.    But  the  lower  cylinder  contains  com* 
pressed  ak,  whidi  would  balance  water  in  a  discharging  pipe  136  feet  high, 
whereas  O  P  is  only  96.    Therefore  the  v^ater  will  continue  to  flow  at  Z  till 
litt  air  hv  so  fiir  eitpattded  as  to  balance  only  96  feet  of  water,  that  is,  till 
it  occupies  one-half  oi  its  ordiaary  bulk,  that  is,  one-fourth  of  the  capacity 
of  the  upper  cylinder,  or  42i  cubic  feet    Therefore  42|  cubic  feet  will  h^ 
expelled,  and  the  efflux  at  Z  will  cease ;  and  the  lower  cylinder  is  about 
one-half  full  of  water.    When    the  attending  workman    observes  this, 
he  shuts  the  cock  I.    Ha  might  haw  done  una  before,  had  he  known 
vrlMB  the  orifiee  V  was  stopped ;  Iwft  do  lost  ensues  from  the  delay.    At 
the  same  tinie  the  attendant  e^^eos  the  cock  If  the  water  issues  with  great 
▼iolence,»being  pressed  by  the  condensed  air  froai  the  lower  cylinder.    It 
therefore  issues  with  the  sum  of  its  own  weight  and  of  this  compiessioiij 
These  jmdually  decrease  together,  by  the  efflux  of  the  water  and  the  expan- 
sion of  the  air;  but  this  efHwx  stops  before  ail  the  water  has  flowed  out ;  for 
diere  is  42§  feet  of  Uie  lower  cylmder  oeeupied  by  air.    This  quantity  of 
water  remains,  therefove,  in  the  upper  cyiinder  nearly :  the  woikman  knovM 
this,  because  the  discharged  water  is  rsceived  first  of  all  into  a  vessel  con- 
taining three-fourths  of  the  capacity  of  the  upper  cylinder.    Whenever  thin 
is  filled,  the  attendant  opens  the  cock  P  by  a  long  rod  which  goes  down 
the  shaft ;  this  allows  the  water  of  the  mine  to  fill  the  lovrer  cylinder,  and 
the  air  to  get  into  the  upper  cylinder,  which  permits  the  remaining  water  to 
run  out  of  it.    Thus  every. thing  is  brought  into  its  first  condition;  and 
when  the  attendant  sees  no  more  water  come  out  at  N,  he  shuts  the  codes 
N  and  M,  and  opens  the  code  I,  and  the  operation  is  rejpeated. 

There  is  a  veiy  surprising  appearance  in  the  working  of  this  engine. 
When  (die  efflux  at  Z  has  stopped,  if  the  cock  Q  be  opened,  the  water  and 
air  rush  out  together  with  prodigious  violence,  and  the  drops  of  water  are 
ehaoged  into  hail  or  lumps  of  ice.  It  is  a  sight  usually  shown  to  strangen, 
who  are  desired  to  hold  their  hats  to  receive  the  blasts  of  air :  the  ice  comes 
out  with  sueh  violeo^e  as  firequentlv  to  pieroe  the  hat  like  a  pistal  ballet. 
This  rapid  congelation  is  a  remarkable  instance  of  the  general  feet,  that  air 
by  suddenly  expanding  generates  cM^  iu  capacity  for  h«at  being  iacreaeed. 

The  above  account  of  the  procedure  in  working  this  engine  shows  that 
the  efflux  both  at  Z  and  V  becomes  very  slow  near  ihe  end.  It  is  fcvnd 
convenient  therefore  not  to  wait  for  the  complete  disdiarges,  but  to  turn 
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tbie  cocks  ^hen  about  30  cubic  f«et  of  water  httvt  Wen  disduirgad  ai  Zt 
more  wofIl  is  done  in  this  way.  A  gentleman  of  great  accuuracy  and  know- 
ledge of  these  subjects  took  tbe  trouble  of  noticing  particularly  the  per- 
formance of  the  madune.  lie  obaerred  that  each  stroke,  as  it  may  be 
CKlledy  took  \sp  about  three  miniEtes  and  one«eighth;  and  that  33  oabic  feet 
of  water  were  discharged  at  Z,  and  66  were  expended  at  N.  Tbe  expense 
Hwrelbre  is  ^  feet  <^  water  &Ukig  136  feet,  and  the  perlbrmaaoe  is 
32nund96yaodthe3r  are  in  tbe  pvoportim  of  66  x  136  to  32  k  96,  or  of 
1  to' 0,3422,  or  nearly  as  3  to  1.  Ibis  is  superior  to  tbe  performance  of  tbe 
■aoet  perfect  undershot  miU,  eyen  when  all  friction  and  foregular  obstructions 
ape  se^edad;  and  is  not  mach  inferior  to  any  overshot  pump^mill  thai 
has  yet  been  erected.  When  we  reflect  on  the  great  obetmctions  wbicii 
Stater  naeets  wilfc  m  ka  passage  through  long  pipes,  we  may  be  assured, 
that,  by  doubling  the  size  of  the  feeder  and  discharger,  the  pedbrmance  of 
the  laadiine  will  be  greatly  improved ;  we  do  not  hesitate  to  say,  that  it 
%oiUL  be inereand  one-third :  it  is  true  that  it  will  expend  more  water; 
but  this  will  not  be  nearly  in  the  same  proportion,  for  most  of  the  de6ciencY 
of  the  machine  arises  feom  the  needlesB  velocity  of  the  first  eiBux  at  i. 
The  dischafiging  pipe  ought  to  be  110  feet  high,  end  net  give  eensibly  less 
water.  .  TWu  it  mnat  be  considered  how  inferior  in  origin^  expense  this 
simple  machiue  must  be  to  a  mill  of  any  kind  which  would  raise  10  cubic 
feet  96  feet  bi^  in  a  minute;  and  how  small  the  repairs  on  it  need  be, 
when  compared  with  a  mill.  And,  lastly,  let  it  be  noticed,  that  such  a 
mchine  can  be  used  where  no  miU  whatever  can  be  put  in  motion.  A 
small  stream  of  water,  which  would  not  move  any  kind  of  wheel,  will  here 
raise  QsMhini  of  ilB  own  qwunity  to  the  same  hoght,  workmg  as  feat  as  it 
if  supplied* 

For   these   retmoafi,  the  Hungarian  machine  eminently 

deserves  the  attention  of  mathematicians  and  engineers^  to 

bring  it  to  its  utmost  perfection^  and  into  general  use. 

There  are  situations  where  this  kind  of  machine  may  be  very 

vsefd.    Thus^  vhere  the  tide  rises  17  feet,  it  may  be  used 

lor  compressing  air  to  seven-eighths  of  its  bulk }  and  a  pipe 

leading  from  a  very  large  vessel  inverted  in  it  may  be  used 

for  raising  the  water  from  a  vessel  of  one-eighth  of  its 

capacity  IJ  feet  high ;  or  if  this  vessel  has  only  one-tenth  of 

like  capacity  of  the  large  one  set  in  the  tide-way,  two  pipes 

may  be  led  from  it,  one  into  the  small  vessel,  and  the  other 

into  an  equal  vessel  16  feet  higher,  which  receives  the  water 

fipofli  the  firatl    llius  one-sijcte^th  of  the  water  may  be  raised 

34  feet,  and  a  smaller  quantity  to  a  stiill  greater  height ;  and 

Uiis  with  a  kind  of  power  that  can  hardly  be  applied  any 

other  way«    Machines  of  this  kind  are  described  by  Schottua, 

Sturmius,  Leupold,  and  other  old  writers ;  and  tiiey  should 

not  be  forgotten,  because  opportunities  may  offer  of  making 

them  highly  beneficial. 

9.  Mr.  John  WhiUey  Boswell  has  devised  an  apparatus 
which  when  attached  to  such  a  machine  as  that  at  Chemni^ 
will  enable  it  to  work  itself  without   attendanoe.     Hie 
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dei»cription  of  Chis  will  be  presented  to  the  reader  in  Mr  Bofi* 
weirs  own  words. 

Fig.  213.    A  is  the  reserroiry  or  upper  level  of  water. 
By  a  chamber  made  of  mifficient  strength  to  bear  the  internal  pressure 
of  a  column  of  water  the  he%ht  of  A  above  it,  multiplied  by  its  own  base. 

C,  a  chamber  of  the  same  strength  as  B,  but  of  a  smaller  siie ;  it  is  placed 
at  the  bottom  of  the  pit  from  which  the  water  is  to  be  raised,  and  unaer,the 
level  of  the  water. 

These  chambers  would  be  stronger  with  the  same  materials,  if  of  a 
globular  or  cylindrical  form ;  but  the  square  shape  is  used  in  the  drawing 
merely  lor  the  &cility  of  representing  the  position  of  the  parts. 

D,  a  pipe  from  the  reservoir  A  which  passes  through  the  top  of  B  and 
ends  near  Its  bottom,  to  convey  water  from  A  to  B. 

i^  a  pipe  from  the  top  of  B  to  the  top  of  C,  to  convey  air  from  B  to  C. 

F,  a  pipe  from  the  oottom  of  C  to  the  level  of  the  ground  at  the  top  of 
the  pit,  to  carry  off  the  water  from  the  pit. 

G,  a  pipe  from  the  bottom  of  B  to  carry  off  the  water  from  it. 

H,  a  vessel  to  contain  the  water  used  in  working  the  cocks;  it  is 
only  placed  on  the  top  of  B  to  save  the  construction  of  a  stand  on  purpose  . 
for  it. 

I,  a  cock,  or  movable  valve,  (worked  by  the  lever  there  represented,)  in 
the  large  pipe  D. 

K,  a  stop-<:ock  in  the  small  pipe  which  conveys  water  from  D  to  H.  Its 
use  is  to  make  the  engrine  work  faster  or  slower,  by  letting  v^ter  more  or 
less  quick  into  U ;  or  to  stop  it  altogether  from  woikinff  when  required. 

L,  a  movable  valve,  or  cock  in  the  small  pipe  L  K.  The  lever  which 
works  it  is  connected  by  a  strong  wire  with  the  lever  which  works  I, 
and  is  balanced  by  a  weight  at  its  opposite  extremity,  sufficient  to  open 
both  these  cocks  and  shut  N,  when  not  prevented  by  a  counter  weight. 

N,  a  cock  in  the  pipe  G  to  open  and  shut  it  as  wanted. 

O,  a  self-moving  valve  in  the  pipe  F,  which  permits  the  water  to  pass 
upwards,  but  prevents  its  return. ' 

P,  a  self-moving  valve  at  the  bottom  of  C,  which  permits  the  water  to 
pass  into  C,  but  prevents  any  from  passing  out  of  it;  it  is  furnished  with  a 
grating,  to  prevent  dirt  getting  in. 

R,  a  vessel  suspended  from  the  levers  of  I  and  L,  capable  of  containing 
a  weight  of  water  sufficient  to  shut  them. 

S,  a  vessel  suspended  from  the  lever  of  N  :  it  must  contain  water  enough 
by  its  weight  to  open  N :  it  is  connected  by  a  chain  to  R,  to  keep  it  down 
as  long  as  N  is  open. 

T,  a  syphon  passing  from  the  bottom  of  H,  near  its  upper  edge,  and 
down  again  to  the  mouth  of  K. 

V,  a  self-moving  valve  of  a  sufficient  levity  to  rise,  when  the  water  in  B 
comes  up  to  it,  and  close  the  pipe  £ ;  into  which  no  water  would  else  pass 
from  B.  A  ball-cock,  such  as  used  in  CQromon  water  cisterns,  woula  do 
here. 

X,  a  syphon  from  the  bottom  of  R  rising  vnthin  an  inch  of  its  top,  and 
passing  down  again  to  the  mouth  of  S. 

Y,  a  small  pipe  at  the  bottom  of  S ;  this  may  have  a  stop-cock  to  regulate 
it,  which,  when  stopped,  will  also  stop  the  engine. 

The  mode  of  this  engine's  working  is  as  follows :  suppose  the  vessels 
V,  H,  R,  and  S  empty  of  water,  and  the  cocks  R  and  i  open,  and  the 
vessel  C  full  of  water.  The  weight  on  the  lever  of  L  will  then  open  the 
cocks  L  and  I,  on  which  the  water  from  A  will  flow  into  B  and  H.    As 
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l}ie  water  nses  in  B^  it  will  force  the  air  through  £  into  C,  which  strongly 
pressing  on  the  water  in  C,  will  force  it  up  through  the  pine  F,  till  the 
water  in  B  rises  to  the  level  of  V  and  closes  it,  at  which  time  H  will  he  full 
of  water,  (the  quantity  flowing  in  being  so  regulated  bv  the  cock  K,)  and 
the  water  will  flow  from  it  througli  the  syphon  T  into  the  vessel  R,  which 
as  it  fills  shuts  the  cock  I  and  L,  and  prevents  any  more  water  coming  into 
B  and  H.  When  R  is  full,  the  water  flows  through  its  syphon  X,  which 
fills  S,  and  by  it  opens  N,  which  empties  B  of  water,  and  keeps  N  open  as 
loivas  there  is  any  water  in  H. 

When  H  is  empty,  B  will  be  so  too,  (being  so  regulated  by  the  cock  K,) 
on  which,  in  a  moment  or  two,  R  and  S  will  also  be  empty,  which  will 
cause  the  cocks  I  and  L  to  open,  and  all  things  will  be  again  in  the  state 
first  supposed,  for  a  repetition  of  the  operations  described. 

To  stop  the  engine,  the  cocks  at  K  and  Y  should  be  shut,  while  S  is  full 
of  water.  To  set  it  working,  they  should  be  open;  and  this  is  all  the 
attendance  it  will  require.  As  no  one  but  an  engineer  should  attempt  .to 
construct  such  an  engine  as  this,  it  was  useless  to  represent  the  manner  of 
connecting  the  pipes  by  flaches  or  otherwise,  or  the  proper  methods  of 
fastening  and  closing  the  parts,  which  are  all  well  known  to  such  as  have 
made  this  art  their  study. 

Id  No.  5^  of  the  New  Series  of  Nicholson's  Journal^  Mr. 
Boswell  has  made  some  further  improyements  in  the  applica- 
tion of  the  Hungarian  machine. 

10.  The  spiral  pump  is  a  very  curious  hydraulic  engine, 
which  operates  on  nearly  the  same  principle  as  the  Hungarian 
machine.  The  first  engine  of  this  kind,  of  which  we  hare 
seen  any  account,  was  invented  and  erected  by  H.  Andreas 
Wirtz,  a  tinplate- worker  of  Zurich,  at  a  dye-house  in  Limmat, 
in  the  vicinity  of  that  city.  It  consists  of  a  hollow  cylinder, 
like  a  very  large  grindstone,  turning  on  a  horizontal  axis,  and 
partly  plunged  in  a  cistern  of  water.  The  axis  is  hollow  at 
one  end,  and  communicates  with  a  vertical  pipe.  Tliis  cylin- 
der or  drum  is  formed  into  a  spiral  canal,  by  a  plate  coiled 
up  within  it  like  the  main  spring  of  a  watch  in  its  box;  only 
the  spires  at  a  distance  from  each  other,  so  as  to  form  a 
conduit  for  the  water  of  uniform  width.  This  spiral  partition 
is  well  joined  to  the  two  ends  of  the  cylinder,  and  no  water 
escapes  between  them.  The  outermost  turn  of  the  spiral 
begins  to  widen  about  three-fourths  of  a  circumference  rrom 
the  end,  and  this  gradual  enlargement  continues  nearly  a 
semicircle,  this  part  being  called  the  horn  :  it  then  widens 
suddenly,  forming  a  scoop  or  shovel.  The  cylinder  is  so 
supported  that  this  shovel  may,  in  the  coprse  of  a  rotation, 
cBp  several  inches  into  the  water.  As  the  cylinder  turns 
upon  its  axis,  the  scoop  dips  and  takes  up  a'  certain  quantity 
of  water  before  it  emerges  agiun.  This  quantity  is  sufficient 
to  fill  the  horn ;  and  this  again  is  neariy  equal  in  capacity  to 
the  outermost  uniform  spind  round. 
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After  the  scoop  is  emerged,  the  water  piiiaes  doag  th# 
■piral  by  the  motion  of  it  round  the  axis,  and  dmet  the  air 
before  it  into  the  rising  jipe,  where  it  escapes.  In  the  menn 
thne^  air  comes  into  the  mouth  of  the  scoop ;  and  when  the 
scoop  again  dips  into  the  water^  it  again  takes  in  s<Hne  of 
that  nuid.  Thus  there  becomes  a  part  filled  with  water,  and 
a  part  fiHed  with  uir.  Continuing  this  motion,  a  second  round 
01  water  will  be  received,  and  another  of  air.  The  watex%i 
anj  turn  of  the  spiral  will  have  its  two  ends  on  a  level;  and 
the  air  between  the  successive  columns  of  water  wiU  be  in  its 
natural  state ;  for  since  the  passage  into  the  risinff  pipe  or 
mm  is  open,  there  is  nothing  to  force  the  water  and  air  into 
any  other  position.  But  since  the  spires  gradually  diminish 
in  their  lengthy  it  is  plain  that  the  column  of  water  wiU 
gradually  oceupy  nKire  and  more  of  the  circumference  of 
each.  At  hslit  wiU  occupy  a  complete  turn  of  some  spire 
that  is  near  the  centre ;  and  when  sent  further  in  by  the 
ooDtinnanee  of  the  notioo,  some  of  it  wQl  run  back  orer  the 
top  of  the  sacceaUBg  spire.^  Thu  it  wffl  nm  over  into  the 
right-lmnd  side  of  the  third  spire,  and  conse^ientiy  will 
pudi  the  water  of  this  spire  backwanhi,  and  raise  its  other 
end,  Bfn  that  it  wiU  Hkewiee  rutt  over  badiwards  before  the 
neaok  rotation  be  completed.  At  kngdi  this  change  of  dia- 
pif"*^*"  win  readk  the  ontermost  spire,  and  some  water  will 
nun  orer  into  the  horn  and  scoop,  and  finally  into  the  dsteni. 

But  aa  soon  as  water  gets  into  the  rising  pipe,  and  rises  a 
little  into  it,  it  stops  the  escape  of  the  air  when  the  next 
aeoop  of  water  is  taken  in.  Hence  there  are  then  two  columna 
oi  water  acting  agfdnat  each  othw  by  hydrostatic  pressure, 
and  the  intervening  oolonm  of  atr:  they  must  compress  the 
air  between  them,  and  the  water  and  air  columad  will  now 
"he  unequal ;  this  will  harve  a  general  tendency  to  keep  the 
whole  water  back,  and  canse  it  to  be  higher  on  the  left  or 
rising  side  of  each  spire  than  on  the  right  or  descending 
side :  the  excess  of  hei^t  being  just  such  as  produces  the  com^ 
pcessioii  of  the  air  between  that  and  the  preceding  column 
of  water.  This  will  go  on  increasing  as  die  water  mounts 
in  the  rising  pipe;  for  the  air  next  to  the  rising  pipe  is  com- 
psessed  at  its  inner  end  with  the  weight  of  the  whole  column 
m  the  nuiin:  and  it  must  be  as  nmdi  compressed  at  its 
outer  end,  which  must  be  done  by  the  water  column  without 
it;  and  thb  column  exerts  tins  pveesnie  partly  by  teaaon 
that  iisav^r  end  is  higher  than  its  ioner  end,  and  pavtiy  by 
the  tnpuuniflsion  of  tiie  pressure  on  its  outer  end  by  air, 
which  is  simOarly  compoessed  firoai  without.    Thus  it  will 
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happen  that  each  ecdtiinfi  of  water  being  higher  at  its  outer 
thau  at  iu  liiuer  end,  compresses  the  air  on  the  water 
column  beyoii<l  or  withlu  it,  which  transmits  this  pressure  to 
the  air  beyond  t^  adding  to  it  the  pressure  arising  trouL  its 
own  want  of  level  at  the  ends.  CcMisequeiitly,  ike  greatest 
cumpression,  viz.  that  of  the  air  next  the  main,  is  produced 
by  tUe  sum  of  nil  the  transmitted  pressures;  and  these  are 
the  sitin  of  aU  the  differences  between  the  elevations  of  the 
inner  ends  of  the  walev  columiia  above  their  outer  ends :  and 
the  height  to  which  the  water  will  rise  in  the  mean  wilt  be 
just  equal  to  this  sum« 

Suppose  the-  left^faaiid  moes  of  taehspim  to  bo  ttM  witk  water,  and 
thft  nght-hftnd  spaces  filled  with  air,  at  is  shown,  in  Ttgaid  to  oae  smre. 
Ml  fig.  tl4.  There  is  a  certain  giadation  of  compressioa  which  will  keep 
^tags  in  this  position:  for  the  spaces  manifestly  decrease  in  aiilfanietk^ 
pfogression ;  and  so  do  ^  hydrastatic  heights  uid  pressaret!  if,  therefore, 
the  air  be  dense  in  die  same  prognsssion  aU  will  be  in  hydtostatioal  e<|iiilfc- 
brium.  Now  this  may  obviously  be  prodnced  by  the  mere  motion  of  the 
machine;  for  since  the  density  and  compression  in  each  air  column  is 
snpposed  inYcrsely  as  the  magnitude  of  the  column,  the  quantity  of  air  is 
the  same  in  all;  therefore  tl^  column  first  taken  tin  will  pass  gradually 
inwants,  and  the  increasing  compression  will  cause  it  to  OMUpy  precisely 
tfie  whole  right-hand  of  every  spire.  The  gradual  diminution  of  the  water 
columns  wiU  be  produced,  during  the  motion,  b^  the  water  running  over 
backwards  at  the  top  ftom  spire  to  spire,  and  ultimately  coming  out  by  the 
scoop.  Since  the  hydrostatic  height  of  each  water  coltimn  is  now  the 
greatest  possible,  via.  the  diameter  of  the  spire,  it  is  evident  that  this  dis- 
position of  the  air  and  water  will  raise  the  water  to  the  greatest  height. 
This  disposition  may  be  obtained  thus :  let  C  B  be  a  verticau  radius  of  the 
wheel,  C  being  the  centre,  and  B  the  highest  point  [the  figure  may  easily  be 
drawn]  upon  C  B,  take  C  L  to  C  B,  as  the  density  of  the  external  air  to  its 
densi^  in  the  last  column  next  the  rising  pipe  or  main ;  that  is,  make  C  L 
to  C  6  as  34  foet  (the  height  of  the  column  of  water  which  balances  the 
jvessuie  of  the  atm^iiiieve)  tq  tiit  eum  of  34  feat,  and  fk»  height  of  the 
rising  pipe :  then  diviae  B  L  into  such  a  number  of  turns  that  we  sum  of 
their  6%nal  diameters  shall  be  equal  to  the  height  of  the  main;  lastly,  bring 
a  fiat  Mtni^  from  L  to  the  centre  C.  Sach  is  the  construction  of  the 
spMU  pmjp^  as  Diigwalfy  imvoted  fay  Wirtz :  it  oertainly  indicates  very 
considarablB  iMehamcal  knowledge  and  sagaoity* 

fittit  when  the  main  is  very  high  tkis.oonstruction  will  require  either  an 
cnonDona  diameter  of  the  drum,  or  many  turns  of  a  very  narrow  pipe.  In 
such  OBBCs  it  will  be  nmch  better  to  make  the  spiral  in  the  form  of  a  oork- 
aerew,  thm  of  this  iaA  form  like  a  wateb^ring.  The  pipe  which  forms 
thcafiKl  majp  be  wmpped  round  tfao  finetnim  of  a  cone,  whose  greatest 
diameter  is  to  the  least  (wMck  is  nest  to  the  rising  pipe^  in  the  propoition 
just  asttgned  tp  C  B  and  C  L.  By  this  construction  the  water  will  so 
aland  in  eaeiy  round  as  to  have  its  upper  and  lower  surfaces  tangents  to 
tks  ta|i  and  bottom  of  the  spiml,  ana  the  water  cebimns  will  occupy  the 
wiiole  aenaiding  sidfi  of  the  asaofaiae  whUe  the  air  oooupies  the  descending 
aidfi.  llUafoaia  is  for  pseferable  to  the  fial  form.:  it  w«ll  allow  u»  to 
enqploy.  anny  turns-  of  a  targe  pipe,  and  therefore  produoe  a  great  elewition 
«f  a  bulge  qnaatity  of  water. 
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The  same  thin^  will  be  still  better  accomplished  by  wrapping  the  pipe  on 
a  cyHnder,  «nd  making  it  gradually  tapering  to  the  end,  in  such  a  mannei 
that  the  contents  of  each  spire  may  be  the  same  as  when  it  is  wrapped 
round  the  cone.  It  will  raise  the  water  to  a  greater  height  (though  certamly 
with  an  increase  of  the  impelling  power)  by  the  same  number  of  spires^ 
l)ecau8e  the  vertical  or  pressing  height  of  eadi  column  is  greater. 

In  the  preceding  description  of  this  machine,  that  construction  has  been 
chosen  which  msfde  its  principle  and  manner  of  working  most  evident, 
namely,  that  which  contained  the  same  material  quantity  of  air  in  each 
turn  of  the  spiral,  more  and  more  compressed  as  it  approaches  to  the  rising 
pipe.  But  this  is  not  the  best  construction :  for  we  see  that  in  order  to  raise 
water  to  the  height  of  a  column  of  34  feet,  the  air  in  the  last  spire  is  com- 
pressed into  half  its  space ;  and  the  quantity  of  water  delivered  into  the 
main  at  each  turn  b  but  half  what  was  received  into  the  first  spire,  the  rest 
flowing  back  from  spire  to  spire,  and  being  discharged  at  the  spout. 

But  the  construction  may  be  such  that  the  quantity  of  water  in  each 
spire  may  be  the  same  that  was  received  into  the  6rst ;  by  which  means  a 
greater  quantity  (double  in  the  instance  now  given)  will  be  delivered  into 
the  main,  and  raised  to  the  same  altitude  by  very  nearly  the  same  force. 
Tliis  may  be  done  by  another  proportion  of  the  capacity  of  the  spires; 
either  by  a  change  of  their  calibre,  or  of  the  diameters  of  the  solid  on  which 
they  are  folded.  Suppose  the  bore  to  be  uniform  throughout,  the  diameters 
must  so  vary  that  the  constant  ccdumn  of  water  and  the  column  of  air,  com- 
pressed to  Uie  proper  degree,  may  occupy  the  whole  circumference.  Let 
A  be  the  column  of  water  which  balances  the  pressure,  and  H  the  height  to 
which  the  water  is  to  be  raised.  Let  A  be  to  A  +  H  as  1  to  m.  Tlien  it 
is  plain  that  in  will  represent  the  density  of  the  air  in  the  last  spire,  if  its 
natuml  density  be  1,  because  it  is  pressed  by  the  column  A  +  H  while  the 
common  air  is  pressed  by  A.  Let  1  represent  the  constant  water  column, 
and  consequently  it  will  be  nearly  equal  to  the  air  column  in  the  first  spire : 

then  the  whole  circumference  of  the  last  spire  must  be  1  +  — ,  in  order  to 

hold  the  water  1,  and  to  compress  the  air  into  the  space  —  or ,     The 

.       •*       A  +  H 
circumference  of  the  first  spire  is  1  +  1  or  2 :  and  if  D  and  il  be  the  dia- 
meters of  the  first  and  last  spires,  we  have  2:1  +  —  ::D:tf.  or2sn-iit 

m  ' 

+  1  :  iD  :  d.  liy  therefore,  a  pipe  of  uniform  bore  be  wrapped  loand  a 
conic  frustrum,  of  whidi  D  and  li  are  the  end  diameters,  the  spiials  wiH  be 
very  nwly  such  as  will  answer  the  porpoee.  It  will  not  be  gmU  exact, 
for  the  intermediate  spirals  will  be  rather  too  large :  the  conoidal  firustnun 
should  in  strictness  be  formed  by  the  revolution  of  a  logarithmic  curve. 
With  such  a  spiral  the  full  quantity  of  water  which  was  confined  in  the 
first  spire  will  find  room  in  the  last,  and  will  be  sent  into  the  main  at  e%ety 
rotation.  This  is  a  very  great  advantage,  especially  when  the  water  is  to  be 
much  saiied.  The  saving  of  power  by  this  cmmge  of  construction  is  always 
proportional  to  the  greatest  conmression  of  the  air. 

Ihe  chief  difficulty  in  any  of^  these  forms  is  in  determining  the  form 
and  position  of  the  horn  and  the  scoop ;  yet  on  this  the  performance  of  the 
machine  greatly  depends.  The  following  instructions  will  render  this 
tolerably  easy.  Let  A  B£0(fig.  314)  represent  the  first  or  outermost  spite, 
of  which  the  axis  is  C^  Soppose  the  machine  immerged  up  to  the  axis  in 
the  water  whose  sur&ce  is  vV:  it  has  been  seen  that  it  is  most  effective 
when  the  surfaces  K  B  and  On  of  the  water  columni  are  distant  fronx  each 
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ocber  11m  iiM^  diaaiefeer  B  O  of  the  si»r«.  JUt  thereibte  the  pi|ie  be  first 
rofioeireA  of  t^pttl  calibra  to  the  very  iijiouth  £  e,  which  we  suppose  to  be 
just  a!beat  to  c(ip  into  the  water :  t6e  surnce  O  ii  is  kept  there  in  opposition 
to  the  preasuTe  of  the  watet  edlinnn  B  AO,  W  the  comprosed  air  contafinM 
in  the  quedrant  O  £,  and  )n  Ae  quadrani  wfticfa  Ira^  behind  E  B:  and  this 
eompTOsaon  n  supported  b^thecnliimBS  behind,  between  this  spire  stod  tber 
rising  pipe.  But  the  air  in  the  outermost  auadrant  £  B  is  in  its  naturai 
state,  msuise  it  as  yet  communicates  ^th  the  external  air.  "When,  how-  • 
erer,  the  mouth  i  e  has  come  round  to  A,  it  will  not  have  the  water 
standing  in  it  in  the  same  manner,  leaving  the  half  space  B  EO  filled  Wttli 
ootnpressed  kvr;  fcft  it  took  in  and  confined  only  what  filled  the  quadrant 
BE.  it  is  obvious,  therefore,  that  the  quadrant  B £  must  be  so  shq»ed 
as  to  take  in  and  confine  a  pauch  greater  quantity  of  air;  so  that  when  it 
has  come  to  A,  the  space  BEO  may  contain  air  sufficienUy  dense  to  sup- 
port the  oohimn  A  O.  But  this  is  not  enough :  for  wlien  the  wide  moutft 
now  at  A  a'  rises  to  to  the  top,  the  sarfoce  of  the  Waftet  in  H  riises  alid; 
becteae  thcr  pfiut  a6  otf^  is  more  capacious  than  Ae  part  of  unifbrm  bone 
0£  eo  that  snceeeds  it,  and  that  cannot  contain  all  the  water  which  i^ 
previously  held..'  Since  then  the  water  in  the  spire  rises  above  A,  it  will 
press  the  water  back  from  O  n  to  some  other  position  fit'  n',  and  the  pressing 
height  of  the  water  column  win  be  diminished  by  this  rising  on  tne  other 
side  of  0.  Hence  it  will  appear  that  the  horn  must  begin  to  vriden,  not 
from  B,  but  from  A,  and  must  occupy  the  whole  semicircle  ABE;  white 
its  capacity  roust  be  to  the  capacity  of  the  opposite  side  of  uniform  bore  as 
the  sum  of  BO  and  the  heignt  of  a  column  of  water  which  baTalices  the 
atmosphere  to  the  faeicht  of  that  column :  for  then  the  air  which  filled  it 
when  of  the  common  density  will  fill  the'  uniform  side  BEO,  whoi  eoai- 
pressed  so  as  to  balance  the  vertical  columh  BO.  But  even  this  is  not 
saffideut:  for  it  has  not  taken  water  eoouffh.  When  it  dipped  into  the 
cistern  at  £  it  carried  air  down  with  it,  and  the  pressure  of  the  wafer  in  the 
cistern  caused  that  fluid  to  rise  into  it  a  little  way ;  and  some  water  must 
have  come  over  at  B  from  the  other  side,  which  was  drawing  narrower. 
When,  therefore,  the  horn  is  in  the  position  EOA  it  is  not  fuU  of  water: 
consequently,  when  it  comes  into  the  situation  O  A  B  it  cannot  be  fiill,  nor 
can  it  balance  the  air  on  the  opposite  side.  Hence  some  will  42ome  out 
at  O,  and  rise  up  through  the  water.  The  horn  must  therefoite  extend  at 
least  from  O  to  B,  or  occupy  half  the  drcumferenoe  i  and  it  must  contain  at 
least  tvrioe  as  much  water  as  would  fill  the  side  BEO.  Nay,  if  it  be 
much  laiger,  there  may  be  no  disadvantage ;  because  the  surplus  of  air 
which  it  takes  in  at  E  will  be  disdiarged  as  the  end  £  «  of  the  horn  rises 
horn  O  to  By  and  it  will  leave  the  precise  quantity  that  is  wsnted.  The 
overplus  waur  will  be  discharged  as  the  horn  comes  round  to  dip  egwa 
into  the  cistern. 

We  must  also  secure  the  proper  quantity  of  water.  When  the  mauchiap 
is  so  sanob  immersed  as  to  be  up  to  its  axis  in  Crater,  the^  capacity  whidi 
thus  aecoies  the  proper  quantity  of^  aar  will  also  take  in  the  proper  quantitar 
of  waicr«  But  it  may  be  erected  so  as  that  the  spirals  shall  not  even  teach 
tiie  wlAer :  and  in  this  case  it  will  answer  the  ]purpose  if  a  scoop  or  shovel 
be  joined  to  the  horn,  and  so  formed  as  to  take  in  at  least  as  much  water  as 
wiu  fill  the  horn.  This  is  all  that  is  wanted  in  the  beginning  of  the  motion 
along  the  apisal,  and  more  than  is  necessary  when  the  water  has  advanced 
to  the  succeeding  spire;  but  the  overplus  is  discharffed  in  the  way  jual 
mentioned*  The  scoop,  it  should  be  observed,  must  be  very  open  on  the 
side  next  ihe  axis,  that  it  may  not  confine  the  air  as  it  enters  the  water ;  for 
this  woold  faiader  it  from  receiving  enough  of  that  fluid. 
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11.  Desagutieni  describes,  in  the  second  ▼(dinne  of  hb 
Experimental  Phitosophy,  a  very  simple  contriTsnce  to  raise 
water,  which  is  this :  to  one  end  of  a  rope  is  fixed  a  large 
baeket,  having  a  Talve  bX  its  bottom,  opening  upwards ;  t(x 
tbe  other  end  is  fissteihed  a  8<{iiare  frame,  and  the  cord  i* 
made  to  pass  over  two  pulleys,  each  of  about  15  inches 
diameter,  (and  fixed  in  a  horizontal  plane,)  in  such  a  manner 
tha^  as  the  bucket  descends  *the  frame  ascends  with  equal 
Telocity,  and  t^'ce  versd.  The  frame  is  made  to  run  fredy 
upon  four  vertical  iron  guide-rods  passing  through  holes  at  Ito 
lour  corners ;  and  when  the  bucket  is  filling  with  wat^r  at  the 
well,  the  frame  stands  at  the  horizontal  plane  to  which  the 
water  is  to  be  raised ;  when  the  bucket  is  full,  a  man  steps 
upon  the  frame ;  (his  weight,  together  witii  that  of  the  franM^ 
exceeding  the  weight  of  the  vessel  and  its  contained  water ;) 
tbb  gives  an  ascending  motion  to  the  bucket,  and  causes  the 
vajve  in  its  bottom  to  close.  When  the  bucket  is  raised  to 
the  proper  height,  a  hook  fixed  there  catches  into  a  hasp  at  tho 
side  of  the  bucket,  turns  it  over,  and  causes  it  to  empty  its 
water  into  a  trough  which  conveys  it  where  it  is  required :  at 
this  time  the  man  and  the  descending-franaie  have  arrived  at  a 
platfcma  which  prevents  their  further  descent,  where  the 
man  remains  till  he  finds  the  bucket  above  is  empty;  when 
he  steps  from  the  frame,  and  runs  up^  a  flight  of  stairs  to 
the  place  from  which  he  descended  :  the  bucket,  in  the  mean 
wh&,  being  somewhat  heavier  than  the  frame,  descends  to  the 
water,  and  raises  the  frame  to  its  ori^nal  poi^ition.  Thus  the 
work  is  continued,  the  man  being  at  rest  daring  his  descent, 
and  labouring  in  the  ascent. 

l>esaguliers  etnplojred  in  this  kind  of  Mroik  a  « tavern  dhrawr/'  wh^ 
weighed  160  lbs.,  whom  he  desired  to  go  up  and  down  foitf  sfteps  of  €§ 
inches  each  (in  all  about  22  feet)  at  the  same  rate  he  would  go  up  and  down 
all  day.  He  went  up  and  down  twice  in  a  minute ;  so  that,  allowing  the 
bucket  with  a  quartet  of  a  hogshead  in  it  to  wei^  140  lbs.,  he  is  able  to 
Taise  it  tip  thtough  22  feet  twice  in  a  miuttte:  this  DesaguKert  estimates 
as  equiyalent  to  a  whole  hogshead  raised  1 1  feet  in  a  minute,  and  rather 
exceeds  what  he  has  assigned  as  a  maximum  of  human  exertion. 

This  machine  is  in  many  oases,  not  only  the  most  simple,  but  the  *«■« 
that  can  be  derised ;  yet  it  is  one  that,  without  due  precautions,  is  Kkely  to 
be  a  very  bad  one.  The  frame  on  which  the  man  steps  must'  be  brought  up 
to  its  plaee  again  by  a  preponderance  m  the  machme  when  unloaded;  it 
should  arrive  precisely  at*  the  same  time  with  the  man ;  but  it  may  andhe 
sooner  or  later.  If  sooner,  it  is  of  no  use,  and  wastes  power  in  raising  a. 
eounterpoise  which  is  needlessly  heainr,  or  in  fact  less  water  is  elevated  fhut 
the  man  is  able  to  elevate;  if  later  there  is  a  loss  of  time.  Hence  the  par- 
lection  of  this  truly  dimple  machine  requires  the  judicious  combtnation  of 
two  maximums,  each  of  which  varies  in  a  ratio  compounded  of  two  oAer 
It  will  not  be  difficulty  however,  to  adjust  the  proportions  of  the 
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weight  of  tbe  budiet  and  that  of  the  frame :  for  if  B  denote  the  weight  ^ 
the  bucket,  F  that  of  the  frame,  and  ip  the  force  necessary  to  overoome  the 
friction  and  the  inertia  of  the  pulleys,  g  denoting  32|-  feet,  t  the  time 
occupied  in  walking  np  the  steps,  and  «  the  space  ascended  or  descended^ 
then  must  B  and  F  be  so  adjusted  as  to  satisfy  the  following  equation. 

If  there  be  a  spring  affording  but  a  small  quantity  of  water,  or  having 
butatmall  M^it  is  possible  by  the  loss  of  some  of  the  water  to  raise  the 
rest  to  supply  a  gentleman's  seat,  or  any  place  where  it  is  wanted ;  but  in 
a  less  quantity  than  what  runs  waste,  if  the  place  to  which  the  water  is  to  be 
raizfed  is  higher  than  the  spring  or  resenroir  fix>m  wfaidi  the  water  faUs. 
SchottiB  long  ago  oonttiFed  an  engine  for  this  purpose :  but  the  fot  who 
put  such  a  thi^  in  execution  was  Gtionirao  Finugio,  at  Rome,  in  1616  ; 
and  the  first  in  this  country  was  George  Genres,  a  carpenter,  who,  in  the. 
jeer  1725,  erected  aa  engine  called  the  Multiplyiag-wheel  Bucket-engine, 
at  tbe  seat  of  Sir  John  Chester,  at  Chichley,  in  Sudungbamshire.  This 
engine  was  much  approved  by  Sir  Isaac  Newton,  Dr.  Dewguliersy  and  Mr., 
B^^QQ,  and  was  certainW  very  ingenious.  The  water  from  a  spring 
deaoeaded  in  a  \arge  bucket  hangiag  by  a  cord  from  an  asle,  while  a  ftmaller 

auantity  was  raised  from  the  same  place  by  a  cord  hanging  from  a  wheel  on 
le  same  axle :  a  fly  and  other  regulating  appaxatus  were  added,  to  make 
the  engine  work  itself^  which  it  did  for  many  years  wiUiout  h^aag  out  of 
order.  As  a  whole,  however,  the  contrivance  is  complex;  and  we  are  not 
aware  that  any  other  engines  of  the  same  kind  have  been  greeted.  A 
description,  with  a  plate,  may  be  seen  in  DesaguUers'  second  volume. 

12.  Mr.  H.  Sarjeant,  of  Whitehaven,  contrived  a  very  cheap 
engine  for  raising  water,  for  which  the  Society  for  the  En- 
couragement of  Arts  awarded  him  a  silver  medal  in  the  year 
1801.    A  sketch  of  this  simple  invention  is  given  in  fig.  215. 

This  engine  was  erected  at  Irton-hall,  which  is  situated  on  an  ascent  of  60 
or  61  feet  perpendicular  height :  at  the  foot  of  this  elevation,  about  140 
yards  distant  from  the  offices,  there  runs  a  small  stream  of  water ;  and,  is 
order  to  procure  a  constant  supply  of  that  necessary  fluid,  the  object  was  to 
raise  such  stream  to  the  house  for  culinary  or  domestic  uses.  With  this 
view,  a  dam  was  formed  at  a  short  distance  above  the  current,  so  as  to 
cause  a  fall  of  about  four  feet :  the  water  was  then  conducted  through  a 
wooden  trough,  into  which  a  piece  of  leaden  pipe,  two  inches  in  diameter, 
ms  inserted,  and  part  of  which  is  delineated  at  A. 

Ihe  stream  of  this  pipe  is  directed  in  such  a  manner  as  to  run  into  the 
bucket  6,  when  the  latter  is  elevated ;  but,  as  soon  as  it  begins  to  descend, 
the  stream  passes  over  it,  and  flows  progressively  to  supply  the  wooden 
trough  or  well,  at  the  foot  of  which  stands  the  forcing-pump  C,  being  three 
iadns  in  diameter. 

D  is  an  iron  cylinder  attaehed  to  the  pump*rod,  which  passes 
tAroueh  it:  such  cylinder  is  filled  with  lead,  and  weighs  about  240 
pc!unds.  This  power  works  the  pump,  and  forces  the  water  to  ascend 
to  the  house  through  a  pipe  one  inch  in  diameter,  and  whicl^  is  420  feet  in 
length. 

At  E  is  fixed  a  cord,  which,  when  the  bucket  apnroaches  to  within  four 
cn^ve  indies  of  its  lowest  projection,  extends,  ana  opens  a  valve  in  the 
bottom  of  the  vessel  throush  which  the  water  is  discharged. 

Aa  engine  in  a  great  degree  similar  to  this  was  erected  some  years  aga 
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hf  the  kite  JamM  Spedding,  &q.  for  a  lead  miDe  near  Keswick,  with  the 
additi<Mi  of  a  smaller  bucket  which  emptied  itself  into  the  larger  near  the 
begipning  of  its  descent,  without  which  addition  it  was  found  that  the 
beam  only  acquired  a  libratoiy  motion,  vrithout  making  a  full  and  effectiTe 
stroke. 

To  answer  this  purpose  in  a  more  simple  way,  Mr.  Sarjeant  constructed 
the  small  engine  in  such  manner  as  to  finish  its  stroke  (speaking  of  the 
bucket  end)  when  the  beam  comes  into  a  horizontal  position,  or  a  little 
below  it.  By  this  means  the  lever  is  virtually  lengthened  in  its  descent 
in  the  proportion  of  the  radius  to  the  cosine,  of  about  thirty  degrees,  or 
as  seven  to  six  nearly,  and  consequently  its  power  is  increased  in  an  equal 
proportion. 

It  is  evident  that  the  opening  of  the  valve  might  have  been  effected,  per-^ 
baps  better,  by  a  projecting  pin  at  the  bottom;  but  Mr.  S.  chose  to  give  an 
exact  description  of  the  engine  as  it  stands.  It  has  now  been  some  yean  in 
use,  and  completely  answers  the  purpose  intended. 

The  cnhf  artificers  em'ployed,  except  the  plumber,  were  a  coimtiy  blaok-^ 
smith  and  carpenter;  and  we  whole  cost,  exclusive  of  the  pomp  and  pipes*, 
did  not  amount  to  5/. 

In  a  letter,  dated  Whitehaven,  April  2d>  1801,  Mr.  Sarjeant  observes^ 
ttoLi  the  pump  requires  about  18  gallons  of  water  in  the  bucket  to  raise  the 
eoi^nter-weight,  and  make  a  fresh  stroke  in  the  pump ;  but  it  makes  three 
strc^es  in  a  minute,  and  gives  about  a  half-gallon  into  the  cistern  at  each 
stroke.  He  adds,-  ^  I  speak  of  what  it  did  in  the  driest  part  of  last  summery 
when  it  supplied  a  large  fiunily,  together  with  work-people,  &c  with  water 
hf  all  purposes,  in  a  situation  where  none  was  to  be  nad  before,  except 
some  bad  water  from  a  common  pump,  which  has  been  since  removed.  But 
the  above  supply  being  more  than  sufficient,  the  machine  ts  occasionally 
stopped  to  prevent  wear,  which  is  done  by  merely  casting  off  the  string  of 
the  bucket-valve.'' 

13.  Mr.  Benjamin  Dearborn  has  contrived  an  hydraulic 
engine  which  may  be  conveniently  added  to  a  common  pump, 
and  thereby  renders  it  useful  in  further  elevating  water,  and 
particularly  in  extinguishing  fires :  the  following  descriptioa 
of  his  apparatus  is  extracted  from  the  Memoirs  oftheAinerievm 
Academy. 

Fig.  216.    A,  B,  C,  D,  represents  a  pump,  the  form  of  which  is  similar 
to  that  of  the  pumps  commonly  employed  on  ship-board.    ' 
£,  the  spout. 

F,  a  stopper. 

I>,  <f,  a  plank-cap,  that  is  filled  te  the  pump,  and  provided  with  leather 
0)1  its  lower  surface,  being  secured  by  the  screws  a,  b :  in  the  centre  is  a 
hole,  through  which  the  spear  of  the  pump  passes,  and  round  which  a  leather 
collar  is  made,  as  represented  at  the  letter  e. 

gj  a  mit  for  the  serew  6. 

/,  a  square  piece  of  wood  that  is  nailed  across  one  end  of  the  plank* 
cap,^  through  both  which  the  screw  a  is  introduced:  a  hole  is  made 
through  sudi  piece  and  the  cap  that  communicates  with  the  boie  of  the 
pump. 

G,  G^  a  wooden  tube,  whi<^  may  be  of  any  requisite  length,  arid  ootuist 
of  any  number  of  joints ;  it  is  made  square  at  the  lower  extremity,  and'jpe^^ 
forated  for  the  reception  of  the  cock ;  the  upper  end  bein^  made  with  a  nice 
sbottlier. 


AND  ICACBIMtST. 


tf^awoodcB  ooek  that  opntt^  or  ihiiU  the  comnnwieaHon  IwtoveeB  the 
pomp  and  die  tobe,  being  mniished  <m  the  oppoiite  aide  with  a  handle «id. 
with  a  lock,  in  case  it  ahould  be  found  necessary. 

A,  ii^  are  two  feroles,  the  object  of  which  is  to  prevent  the  tube  from 


H,  Hy  braces,  each  of  which  ought  to  be  crossed  orer  another,  as  nearly 
sit  Tight  aQ^es  as  possible. 

I,  t,  are  irons  in  form  of  a  sta{^,  which  surround  the  tube,  and  pass 
throadb  the  biaces ;  their  ends  being  perforated  with  holes  for  fore-locks. 

K,  %  M ,  N,  is  a  head  made  of  five  pieces  of  wood ;  ik,  /^  m,  a,  a  square 
pieee,  m  the  lower  part  of  which  is  a  hole  for  the  reception  x>f  the  extremity 
#f  the  tub^  and  which  piece  rests  on  the  shoulder  o,  ^  ;  to  the  lower  eqd  of 
this  head  is  nailed  a  piece  of  leather,  with  a  hole  in  its  centre,  similar  to 
that  made  in  the  wood.  Another  piece  of  leather  of  the  same  form  is 
placed  on  the  top  of  the  tube,  and  between  both  is  a  cirde  of  thin  pUt^ 
bcass ;  the  two  pieces  ef  leather  and  the  bra^  being  pressed  between  the 
lower  end  of  the  head  and  the  shoidder  of  the  tube.  Their  edges  are  deli- 
neated  at  0,0. 

R,  N,  and  L,  M,  are  the  edges  of  two  pieces  of  plank,  of  a  similar  width 
with  the  head,  to  whidi  they  are  closely  nailed,  eaoh  being  provided  with  a 
tenon,  that  passes  through  a  mortice  in  the  end  of  the  piece  .O,  P :  both 
tenons  have  holes  for  a  fore-4ock  at  q, 

O,  F,  a  piece  of  plank  of  the  same  width  as  the  sides ;  ^  eeptre  of 
whidi  is  perforated,  m  order  that  the  tube  may  pass  through ;  and  in  each 
end  of  mich  is  a  mortice  for  the  reception  of  tiie  tenons. 

If,  Af,  a  cap. 

r,  r,  are  two  nieces  nailed  to  the  lide  of  the  tube;  the  lower  extremity  of 
each  isprovidea  with  a  trade,  wi&  a  view  to  lessen  «the  fiiction  of  the  head 
in  its  horizontal  revolution. 

'ft  9»  represent  fore4ocks,  the  design  <if  which  is- to  fasten  down  the  head, 
«Dd. prevent  the  water  firom  escaping  at  the  joint  o,p. 

Qy  R,  isa  wooden  conductor:  the  extremity  marked  with  the  letter  Q 
being  sdid,  while  the  opposite  end,  R,  is  bored  with  a  small  auger. 

a,  a  bolt  iStax  passes  tnrongh  the  conductor  and  head,  and  being  secured 
en  the  hadi  with  a  forelock  or  nnt :  this  bolt  is  rounded  near  the  hetid,  and 
aqnaie  hi  the  middle. 

tfUpWyiff  represents  a  piece  of  iron  or  braiss,  designed  to  prevent  the  head 
.of  the  bolt  from  wearing  into  the  wood. 

S,  S,  are  ropes  for  the  direction  of  the  conductor. 

Fig.  217  represents  die  bead  without  such  conductor. 

m,k,e,4iy}»9.  thick  brass  platc^  the  centre  of  which  is  perforated,  so  as  to 
admit  a  passage  to  imparities,  that  might  otherwise  obstruct  the  conductor : 
for  whien  purpose  a  piece  of  leather  is  nailed  under  it  to  the  head.  The 
square  hole  in  the  centre  is  adapted  to  the  size  of  the  bolt,  which  it  prevents 
from  toming.  The  conductor  has  a  hollow  cut  round  the  bolt  on  the  inside, 
otths  same  size  as  the  circle  of  holes  in  the  brass;  round  such  cavity  is 
nailedy^m  the  foce.of  the  conductor,  a  piece  of  leadier,  that  plays  on  the 
maigiaipf  "die  brass  plate  when  the  conductor  is  in  motion. 

In  te  Conclusion  of  his  memoir,  Mr.  Dearborn  observes,  that  he  has 
raised  a  tube  of  90  feet  on  his  phmp ;  and,  though  the  severity  of  the  season 
had  prevented  him  from  completing  it,  so  that  one  person  only  could  work 
at  the  hn^  yet  he  is  enabled  to  throw  water  on  a  contiguous  building,  the 
nearest  put  of  which  is  37  feet  from  the  pump,  and  between  30  and  40 
/eet  in  height.  <  -: 
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IC  AnM$neie$'  Screwi  or  lh«  S«ial  Pomp,  mr,  tmit  is 
called  in  Germany^  the  Water-miftii,  is  a  machine  for  the 
raising  of  water,  first  invented  by  Archimedes. 

Its  structure  and  use  will  be  understood  by  the  following 
description  of  it* 

Fig.  218.  A,  B,  C,  D,  is  a  wheel,  which  is  turned  louady  aocording  ta 
die  order  of  the  letters^  bj  the  fidl  of  water  £  F,  whidk  need  not  be  more 
than  three  feet.  The  axle  G  of  the  wheel  is  elevated  so  as  to  aaake  vk 
angle  of  about  44^  or  between  45*  and  6(fif  with  the  horison ;  and  on  the 
top  of  that  axle  is  a  wheel  H,  which  turns  such  another  wheel  I  of  the  sane 
number  of  teeth ;  the  axle  K  of  this  last  wheel  being  parallel  to  the  axl^  O 
of  the  two  former  wheels.  The  axle  G  is  cut  into  a  donblo-tlireaded  aorewy 
ig.  219,  exactly  resembling  the  screw  on  the  axis  of  the  fly  of  a  common  jack, 
which  must  be  what  is  called  a  rightF4uuMled  screw,  like  the  wood  serews,  il 
the  first  wheel  turns  in  the  direction  A  BC  O;  but  it  must  be  a  left4iaBdMl 
screw,  if  the  stream  turns  the  wheel  the  contiaiy  way;  and  the  screw  ob 
the  axle  G  must  be  cut  in  a  contrary  way  to  that  on  the  axle  K,  because 
these  axles  turn  in  contrary  directions. 

These  screws  must  be  corered  close  over  with  boards,  Kke  those  of  a 
cylindrical  cask ;  and  then  they  will  be  spiral  tubes.  Or  tikevmay  be  wands 
of  tubes  of  stiff  leather,  and  wrapped  round  the  axles  in  shalivw  gioores  cut 
therein,  as  fig.  220.  The  lower  end  of  the  axle  G  turns  constantly  in  the 
stream  that  turns  the  wheel,  and  the  lower  ends  of  the  spiral  tubes  are  open 
unto  the  vrater.  So  that,  as  the  iiriieel  and  axle  are  turned  round,  the  water 
rises  in  the  spiral  tubes,  and  runs  out  at  Q,  through  the  holes  M  N,  as  they 
come  about  below  the  axle.  These  holes,  of  which  diere  may  be  any  num- 
ber, as  ibur  or  six,  in  a  broad  close  ring  on  the  top  of  the  ude,  into  which 
ring  the  water  is  delifered  from  the  upper  open  ends  of  the  screw  tubasy 
and  falls  into  the  open  box  N.  Hie  lower  end  of  tbe  axle  K  turns  on  a 
gudgeon,  in  the  water  N ;  and  the  spiral  tubes  in  that  axU  t^e  up  te 
water  from  N,  and  deliver  it  into  anotlier  such  a  box  under  the  top  of  K;  on 
which  there  may  be  such  another  wheel  as  I,  to  turn  a  thiid  axle  by  such  a 
wheel  upon  it.  And  in  this  manner  water  may  be  raised  to  any.  given 
height^  where  there  is  a  stream  sufficient  ibr  that  purpose  lo  act  on  the  bioad 
float-boards  of  the  first  wheel. 

15.  Another  kind  of  engine,  called  the  Pressure  Bngihe, 
several  of  which  have  been  lately  erected  in  different  parts  of 
the  country,  is  used  for  raising  water  by  tbe  pressure  and 
descent  of  a  column  enclosed  in  a  pipe.  The  principle  was 
first  adopted  in  France,  in  some  machinery  erected  about 
I73I9  and  is  described  by  Belidor,  in  his\^rcA.  HydrauL  lib. 
iv.  ch.  1 .  But  the  engine  we  are  now  going  to  describe  is  the 
inrention  of  Mr.  Trevitheck,  who  probably  was  not  aware 
that  one  of  a  similar  nature  had  been  before  attempted.  It 
was  erected  about  thirty  years  ago  at  the  Druid  Copper-mine, 
in  the  parish  of  niogan,  near  Truro. 

A  section  of  it  is  given  in  Fig.  221, 

A  6  represent  a  pipe  six  inches  in  diameter,  trough  which  water  descends 
fK>m  the  head  to  the  place  of  its  delivety  to  run  ofl'  by  an  adit  at  S,  throoffh 
a  fall  of  34  fathoms  m  the  whole ;  that  is  to  say,  in  a  close  pipe  dawn  the 
slope  of  a  hill  200  lathoms  long,  with  2G  fathoms  ^,  then  perpendicularly 


till  il  mrttvei  «i  B»  aad  thvic^  through  tK»  eogiiieMaujaiQ  & 
s.  Ai  the  turn  B  the  ivater  eDten  into  a  chamber  C,  the  lower' 
part  of  which  terminates  in  two  brato  cylinders,  four  mChes  in  diameter  i  iml 
nMdt  two  phip  or  pistooa  of  lead,  D  and  £,  aie  capable  of  znbviu^  up 
and  down  by  their  pialoii'-rods,  which  nass  through  a  close  packing  abovey 
and  axe  attached  to  the  extfemities  oC  a  chain  kading  over  and  properly 
attadwd  to  the  wheel  Qy  so  Uiat  it  cannot  slip.  r    r    #/ 

The  leaden  pipes  D  and  B  are  east  in  their  places,  and  have  no  packipg- 
whactever.  luy  more  very  easily ;  and  if  at  any  time  they  should  become 
looM,  they  may  be  spread  out  by  a  fisw  blows  with  a  proper  instrument,' 
without  taking  them  out  of  their  place.  On  the  sides  of  the  two  brass 
cyiindeia  in  wkaA  D  and-  E  move,  there  are  aqiaare  holes  i¥>mmunicatmg 
towards  F  and  6,  v^ch  is  a  horisLcmtal  trunk  or  square  pij^e,  feur  inches 
wide  and  duee  inebea  deep.  All  the  other  pipes  G,  G,  and  K^'  are  sik 
iiidRs  m  diamclnv  eioept  the  principal  cylinder  wherein  the  piston  H  moves;, 
and  this  cyKnder  is  ten  inehes  in  diameter,  and  admits  a  nine-foot  strokcL 
4ia«gil  it  is  here  delineated  aa  if  the  stroke  were  only  a  threo-foot. ' 

The  oteon-iod  woiIls  4hro«gh  a  stuffiag-bo^  above,  and  is  attached  to 
H  li,  wliich  is  the  pit-iod>  or  a  perpendiculax  piece  divided  into  two,  ^  ma 
to  allow  its  flilteroate  motion  up  uui  down,  and  leave  a  space  between^ 
^tthoot  toat^Dg  the  fixed  apparatus  or  gneat  i^linder*  The  pit-iod^ 
pnloBfad  down  hato  die  mine,  where  it  is  employed  to  work  the  pumps^ 
or  if  the  engine  were  ap|died  to  mill-work^  or  any  other  use,  this  rod  woulj 
ftvm  the  oommtmication  of  the  first  mover. 

KL4s  a  tonbler,  or  tnmblin^-bob^  capable  of  being  moved  on  the  gudn 

—  V,  horn  its  present  {wsitAon  to  amither,  in  whidi  the  weight  L  shall 
diver  the  same  inclination  on  the  opposite  side  of  die  perpendicular* 


and  oonseqneBtly^  the  end  K  will  then  be  as  much  devated  as  it  is  noii^ 
deprcaaed.  '  ^ 

The  pipe  R  S  has  its  lower  end  immeased  in  a  cistern,  by  which  means  k 
delivers  its  water  without  the  possibility  of  the  external  air  introducing 
hsdf ;  so  that  it  ^ocmstitiiies  a  tonioeUimi  oohimn,  or  water  barometer,  and 
lendeA  the  wfa^  oohmm  fiom  A  toS  ie&ctual :  as  we  shall  eeem our  view 
of  die  operation. 

Let  US  suppose  the  lower  bar  RV  of  the  tumbler  to  be  horizontal,  and 
the  rod  PO  so  situated,  as  that  the  plugs  or  leaden  pistons  D  and  £  shell 
lie  opposite  to  each  other,  and  stop  the  vmter-waya  O  and  F. ..  lathis  stsln 
of  the  engine^  (hoof^^eadi  of  theM  ptstons  is  pressed  by  a  fome  equivalenl 
to  more  than  1000  pounds,  they  vnll  remain  motionless,  because  these 
aeiions  being  oontzary  to  each  other,  they  are  constantly  in  equilibrid.  Ihe 
great  piston  H  being  here  shown  as  at  die  bottom  of  its  cylinder,  thetum- 
Uer  Is  to  be  thrown  by  hand  into  the  position  here  delineated.  Its  action 
tipon  O  P,  and  oon^ueutly  upon  the  wheel  Q,  draws  up  the  phig  l>§.mk4 
depresses  £,  so  that  the  water-way  G  becomes  open  from  A  K  and  that  of 
¥  to  the  pipe  R:  the  water  oonsequently  descends  from  A  to  C ;  thence  lo 
U6  6,  until  it  acts  beneath  the  piston  H.  This  pressure  raises  the  pistol^ 
and  if  there  be  any  vrater  above  the  piston,  it  causes  it  to  rise  and  pais 
throQ^  F  into  R.  During  die  rise  ;of  the  piston  (which  carries  th&pitrrid 
MN  along  with  it)  a  sliding  block  of  wood  I,  fitted  lo  this  rod,  is  ^ou^ 
into  eontaet  with  die  tail  &  of  the  tumbler,  and  raises  it  to  the  horizontal 
position,  fa^ond  which  it  oversets  by  the  acquired  motion  of  the  wheel  L. 

The  meie  rise  of  the  piston,  if  there  were  no  additional  motion  in  tills 
tumbler,  wodid  only  bring  the  two  plugs  D  and  Fto  the  position  of  rMt, 
namely,  to  dose  G  and  F,  and  then  the  eoDgine  woold  stop ;  but  the  JiU  9C 
fhe  tumbler  carcies  the  plug  D  dowawards  quite  clear  of  the  hfMT,  and 
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ibeofterpliyEiijhrudSyqiiitcdeiroftlMlMleO.  Jhm  iMJom  if  y  ht 
no  coDsomption  ot  power,  oecattse  the  pings  are  in  equiUbiiOy » jvts  jMi 


Ib  this  new  ntnatton  tlfe  eolmno  A  B  no  km^  eomamnicaiit  milk  G, 
hot  acta  through  F  iipon  the.upper  part  of  the  pnton  H,  and  depraacs  k; 
avhile  the  contents  or  the  great  t^linder  beneath  that  piston  are  driven  out. 
through  G  G  G,  and  pass  through  the  openioff  at  £  into  R.  It  najr  he 
observed^  fhat  the  column  which  acts  against  the  piston  is  assisted  bf  the 
pressure  of  the  atmosphere,  rendered  acdve  by  the  column  of  water  hangin|p- 
in  Ky  lowhidi  that  assisting  pressure  is  equiralent,  as  has  already  hmm 
^ticed. 

When  the  piston  has  descended  through  a  certain  length,  the  slide  or 
block  at  %  upon  the  pit-rod,  applies  against  the  tail  K  of  the  tumbler, 
which  it  depretoes,  and  again  oversets;  producing  onoe  more  the  position 
of  .die  plugs  D  £,  here  delmeated,  and  the  consequent  ascent  of  the  great 
piston  H,  as  before  described.  The  ascent  produces  iti  former  effect  on  the 
tumbler  and  plugs;  and  in'this  manner  it  is  evident  that  the  alterations  wiB 
jo  on  vrithout  limi^  or  until  the  manager  shall  think  fy.  to  place  the  tumbler 
and  pluffs  D  £  in  me  poeitioiis  of  rest;  namefy,  so  as  to  stop  the  passagw 

The  length  of  tlie  stroke  may  be  varied  by  altering  the  positions  of  th* 
]^eces  Tand  X,  which  will  shorten  the  stroke  the  nearer  they  are  logellwr; 
as  in  that  case  they  will  sooner  alternate  upon  the  Uil  K. 

As  the  sudden  stoppage  of  the  descent  of  the  column  A  B,  at  the  instant 
jrh^a  the  two  plugs  were  both  in  the  water-way,  might  jar  and  shake  the 
apjiaratus,  tiiose  plugs  are  made  half  an  inch  shorter  thai^  the  depth  of  the 
tide  holes ;  so  that  in  that  case  the  water  ean  escape  directly  tfaroegh  botih 
the  small  cylinders  to  R.  This  j^ves  a  moment  ot  time  for  the  generatioa 
of  the  contrary  motion  in  the  piston  and  the  water  in  G  G  G,  and  gieat^ 
jkadens  the  concussion  which  might  else  be  produced. 

Some  former  attempts  to  make  pressure-eiiguiea  upon  the 

E*  >le  of  the  steam-engine  have  failed  $  becAuse  water,  not 
dasticj  could  not  be  made  to  carry  the  piston  OQwards 
,  so  as  completely  to  shut  one  set  of  \^ves  and  open 
another.  In  the  present  judicious  construction,  the  tumbler 
performs  the  office  of  the  expansive  force  of  steam  at  the  end 
of  the  stroke. 

Mr.  Boswell  suggests,  as  a  considerable  improvement,  thast 
Ihe  action  of  this  engine  should  be  made  elastic  bv  the  addi- 
tion of  an  air-phamber,  on  the  same  principle  as  tnat  used  in 
jBre-en^qes  ^  this,  he  thinks,  might  be  best  erocted  by  making 
'fhe  piston  hoHow,  with  a  small  orifice  in  die  bottom,  and  ai 
a  Wgcr  si^e,  tp  ^erye  for  this  purpose,  as  the  spring  of  the  air 
would  then  act  both  on  the  upward  and  downward  pressure  of 
tiie  water. 

There  are  many  other  ingenious  hydraulic  engines  of  great 
utility,  which  the  limits  of  our  work  will  not  permit  ns  to 
describe  $  in  order,  tui^r^^ore,  ip  supply  the  deficiency,  we 
shatt  add  a  catalogue  ol  the  most  important  writings  on  thU 
^ind  of  engine. 
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Hftaalm  catiMm  coMtraeltt  Jak.Oeor*  Faittari. 


V«B«t.  16ar. 

Nonvelle  Inventioti  de  lever  I'Eaii  phn  hant  cjae  la  Source,  avec  quclqve 
Muchmeg  Moimntes  par  le  Moyen  de  llSau,  kc.  par  Isaac  de  Cane,  1657. 

JcaepUGtegoriiaMonleSacr.  Prindpia  PhyBico-mechankadivegiamin 
MaiihmiiHiB  tea  laatniiiieotoraiii  Ptteanatioes  ac  H/drantioei.  Vcoet.  1664. 

NcmvtHe  Madiiiie  Hydraaliqiie,  par  Francini.  Joom.  dee  S^t.  1669. 
[An  aoooant  of  due  machine  is  likewise  given  in  the  Architeetcirs  Hjp- 
dnmliqae  <Mf  Bdidory  torn.  2.  and  in  the  2d  vol.  of  Desagulien'  Experi- 
manlal  Fhikaophy:  in  both  which  pcrlbfoianoea  many  other  hydraulic 
machines  are  d^cribed.j 

An  UndeKakmg  Ibr  raisiog  Water^  fay  9ir  Samnel  Mordand.  Phil.  Trans. 
1674,  No.  103. 

Ab  Hydiautie  Engine,  by  .  .^ Phil.  Trans.  1675,  No.  13d. 

A  cheap  Pamp,  by  Mr.  Conyeis.    Phil.  Trans.  1677,  No.  186. 

M.  de  mnlefieosUe,  Reflexions  sHr  quelqnes  Machines  k  dever  les  Eanx, 
avec  sa  Deseription  d'nne  nonvelle  Pompe>  sans  Frottement  et  sans  PiMon, 
lie  fes%, 

Eldvation  des  Eanx  par  toute  sorte  de  Machines,  r^uite  k  la  mesure,  au 
poids,  ilia  balance,  parlemoyen  d\in  nouveau  piston  et  corps  de  pompe,  et 
d*ott  nouvean  mouTement  cydo^liptique,  et  reyetant  Tusage  de  Urate  sorte 
4e  masitveHes  ordinaixes,  par  le  Chevalier  Moriand.   1665. 

A  new  Way  of  raising  Water,  enigmatically  proposed,  by  Dr.  Papin. 
Fha.  Thins.  1685,  No.  173.  Hie  sohitions  by  Dr.  Vincent  and  Mr.  &.  A. 
in  No.  177. 

M.  dtt  ToraXy.NoaveUes  Machines  pour  ^pniser  TEan  des  Fondations, 
tpdf  ^noiqne  t>^  simples,  hat  an  eiSet  sorprenant.  1695.  Joum.  des  Scav. 
1695,  p.  293. 

An  Engine  for  raising  Water  by  te  help  of  Fire,  by  Mr.  Ibo.  Savery. 
Fbil.  Trans.  1699,  No.  253. 

D.  Papin,  Nouvelle  Manibre  pour  lever  TEau  par  la  Force  du  Feu : 
^Cassd.  1707. 

Mteioire  poor  la  Omstruction  d'une  Pompe  qni  ibnmit  oontinuellement 
de  r.£an  dans  le  Reservoir,  par  M.  de  la  Hire,  Mem.  Acad.  Sd.  Paris.  1716. 

Description  dWe  Machme  pour  dever  des  Eaux,  par  M.  de  la  Faye, 
Mem.  Acad.  Sd.  Paris.   1717. 

Joh.  Jac  Bruckmann's  und  Joh.  Hdnr.  Weber's  Elementar^maschine, 
Oder  miversal-mittd  bey  alien  wasser^iebungen.    Cassd.  1720. 

Jaoob  Leopold,  Tbeatri  Machinarum  Hydraulicamm.    1724, 1725. 

Job.  Frid.  Weidleri  Tractatos,  de  Machinis  Hydradicis  toto  terranun 
orbe  maximis  Marlyensi  et  Londinensi,  &c.  1727.  Vide  Act,  erudit. 
Dps.  1728. 

A  Desoriptioa  of  the  Water-works  at  London-bridge,  by  H.  Bdgfatcn, 
F.R.S.    Phil.  Trans.  1781,  No.  417. 

An  Aoeonnt  of  a  new  Engine  for  raising  Water,  in  which  hoaei  or  other 
animals  draw  without  any  loss  of  power  (which  has  never  yet  been  prac- 
tised ;)  and  how  the  strokes  of  the  piston  may  be  made  of  any  length,  to 
prevent  fbit  loss  of  water  by  the  too  frequent  opening  of  vdves,  &c.  by 
nailer  dnodhman.    Phil.  Trans.  1734. 

Snrl'Bfct  d'nne  Machine  Hydraulique  propose  par  M.  Segner,  par 
M«  JLeoD.  Baler,  Mem.  Acad.  Sd.  Berlin.    1750. 

Application  de  la  Machine  Hydraulique  de  M.  Segner  it  toutes  sortes 
^ouviagesy  et  de  ses  avantages  sor  les  autres  Machines  Hydranliques,  par 
M.  XeoD.  Eakr,  Mem.  Arad.  Sd.  Berlin.  1751 . 

ptf .  Seer's  madujie  is  no  ether  than  the  simple  yet  traly  iogesionf 
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in  the  2d  Tolume  of  DesaguUets'  Phiknophy,  some  years  before  the  GenoMfi 
pcofiMtor  nttde  any  pfeteiitions  to  the  honcmr  of  the  invemUoD.  .  The  theory 
of  it  ia  likewiae  treated  by  John  BemooUi  at  the  end  of  his  Uydxaulica.] 

RMherches  ear  une  nouveUe  manite  d^^lerer  de  TBaa  propoi^  pu 
M.  de  Mow,  pax  M.  L.  Euier,  Mem.  Acad.  Berlin.  1751. 

Discussion  particuli^re  de  di?erses  mani^es  d'^le^r  de  I'Eau  pat  le 
moyen  des  Pompes,  par  M.  L.  Euler,  Mem.  Acad.  Ber*  1752. 

Maximes  poor  arranger  le  plus  avantageusement  les  Machines  destinte 
^  Clever  de  I'Eau  par  ie  mgyen  des  Pompes,  par  M.  L.  Euler,  Mem.  Aoad. 
Ber.   1752. 

Rtf  ezions  sur  les  Macfaiiiea  HydraauliqueSi  par  M.  le  Chevalier  D^Aicy, 
Mem.  Acad.  Sci.  Paris.   1754. 

Mtooire  sur  les  Pompes,  par  M.  le  CheTalier  de  Bofda,  Mem.  Acad. 
Sd.  Paris.   1768. 

Dan.  Bernoulli  Ezpcsilio  Theoretiea  aingularis  Machins  Hydraulks. 
Figuri  helvetiorumy  ezstructs.    Nov.  Com.  Acad.  Petrop.   1772. 

Abhandlungen  von  der  Wassers<!hra]abe,  von  D.  Schernfer,  Priester.  Wien« 
1774. 

Recherches  surles  Moyens  d^ex^uter  sous  TEau  ioutes  sories  de  Travaax 
HydrauliqueSy  sans  employer  aucun  Epuisement,  par  M.  Coulurob.   1779. 

Saemund  Magnussen  Holm,  Efterretningom  akye  Pumpen.  Kiobenhavn. 
1779. 

Moyen  d'angmenter  la  Viiesse  dans  le  Mouvement  de  la  Vis  d'Ar^imMe 
sur  son  Axe,  tir6  des  M^oiies  Manuscrits  de  M.  Pingeron,  sur  les  Arts 
utiles  et  agr^les.    Joum.  d'Agric.  Juin,  1780. 

The  Theorv  of  the  Syphon,  plainly  and  methodically  illustrated.  1781. 
(Richardson.) 

Memoria  sopia  la  nuova  Tromba  Funiculaze  Umiliata*  dal  Can.  Carlo 
Castelli.    Milano.  1782. 

Dissertation  de  M.  de  Parcieux,  sur  le  moyen  d'^lever  TEau  par  la  rota- 
tion d'une  corde  verticale  sans  fin.    Amsterdam  et  Paris,  1792. 

Theoiie  der  WinisGheQ  Spiral  Pumpe^  erlautert  von  Heinr.  Nicander. 
Schwed.  Abhandl  1783. 

Jac.  Bernoulli,  Essai  sur  une  nouvelle  Machine  Hydraulique  propre  ^ 
^ever  de  TEau,  et  qu'on  pent  nommer  Machine  Pitotienne.  Nov.  Act; 
Acad.  Petrop.  1788. 

K.  Ch.  Langsdorf 's  Becechnungen  iiber  die  Vortheilhieftere  Benutzung 
Angelegter  Fammelteiche  zur  Betriebung  der  Maschinen.  Act  Acad.  Elect. 
MogunU  1784,  1785. 

Nicander*s  Theorie  der  Spiral  Pumpe.  1789. 

Nouvelle  Architecture  Hydraulique,  par  M.  Prony.    1790, 1796. 

A  short  Account  of  the  Invention,  Theory,  and  Practice  of  Fii«  Machinery ; 
or,  Introduction  to  the  Art  of  making  Machines  vulgarly  called  Steaan- 
Engines,  in  order  to  extract  water  from  mines,  convey  it  to  towns*  and  jets- 
d'eaux  in  gardens ;  to  procure  water-fiedls  for  fulling^  hammering,  stampings 
n^ling,  Kod,  eom-mills;  by  W.  Blakey.   1793. 

FUMP6. 

1 .  The  construction  of  pumps  is  usuaUy  explained  by  glass 
models,  in  which  the  action  both  of  the  pistons  and  valves 
may  be  seen. 

In  order  to  nnderBtaiid  the  atreeture  aad  operation  of  the  eommen  pnnif^ 
let  the  model  DC  BI^  fig.  8S3,  be  pkMed  iq^tight  in  tiie  vessel /dfwal«&» 
the  water  bdng  deep,  eaough.  to  rise  at  least  as  faig^  as  from  A  loL.    Hie 


v^ve  •  ott  ^  manSblm  bucket  O,  and  the  vidv^  h  on  the  fixed  box  H, 
(^pvliidi  box  quite  fills  the  bort  of  tbe  pipe  or  barrel  at  H,)  will  each  lie  close 
by  its  own  weighCy  upoa  the  bele  in  the  bndiet  and  hox^  until  the  engine 
begins  to  woik.  The  Tnlras  axe  made  of  brasB^  tad  eoveied  undenuath 
with  leather^  tat  donmr  the  hole  orare  exacstly;  and  the  bwdket  G  is  raised 
and  depressed  akematdy  by  the  handle  £  and  rod  D  4^  the  bucket  being 
supposed  at  B  before  the  woridng  begins. 

Take  hold  of  the  handle  £,  and  thereby  draw  up  the  bucket  from  B  to  C, 
whidi  will  make  room  for  the  air  in  the  pump  aH  the  way  below  the  bucket 
to  dilate  itself^  by  ^diich  its  spring  is  weakened,  and  tlien  its  foroe  is  net 
equiralent  to  the  weight  or  pressure  of  the  outward  air  upon  the  water  in 
the  vessel  K ;  and  therefoie,  at  the  first  stroke,  the  outwaid  air  will  press 
u^  the  water  through  the  notched  foot  A,  into  the  lower  pipe,  as  far  as  e  £ 
Ibis  will  condense  the  rarefied  air  in  tbe  pipe  between  e  ana  C  to  the  same 
state  as  it  was  in  before;  and  then,  as  its  spring  withm  the  pipe  is  equal  to 
the  force  or  pressure  of  die  outward  air,  the  water  will  rise  eo  higher  by  the 
first  stroke;  and  the  Talve  6,  which  was  raised  a  little  by  the  dilatatioii  of 
the  air  in  the  pipe,  will  fidl,  and  stop  the  hole  in  the  box  H ;  and  the  surface 
of  ihe  water  will  stand  at  e.  Then  depress  the  piston  or  bucket  from  C  to 
B,  and  as  the  air  in  the  part  B  cannot  get  back  again  through  the  ynhre  b, 
it  win  (as  the  bucket  descends)  raise  the  Talve  a,  and  so  make  its  way 
through  the  upper  part  of  the  barrel  d  into  the  open  air.  But,  upon  raising 
the  bucket  O  a  second  time,  the  air  between  it  and  the  water,  in  the  lower 
pipe  at  e,  will  be  again  left  at  liberty  to  fill  a  larger  space ;  and  so  its  spring 
being  affain  weakened,  the  pressure  of  the  outwaid  air  on  the  water  in  the 
Tessel  K  will  force  more  water  up  into  the  lower  pipe  from  e  to /;  and 
when  tbe  bucket  is  at  its  neatest  neight  C,  the  lower  valve  b  will  faU,  and 
stop  the  hole  in  the  box  H  as  before.  At  the  next  stroke  of  the  bucket  or 
piston,  the  water  will  rise  through  the  box  U  towards  B,  and  then  the  valve 
i,  which  was  raised  by  it,  will  fall  when  the  bucket  G  is  at  its  greatest 
height.  Upon  depressing  the  bucket  again,  the  water  cannot  be  pushed 
haA  through  the  vidve  b,  whidi  keeps  close  upon  the  hole  uriulst  the  psaloa 
descends.  And  upon  raising  the  piston  again,  tbe  outward  ]»estura  of  the 
aur  will  force  the  water  up  through  H,  where  it  will  raise  the  valve,  and 
follow  the  bucket  to  C.  Upon  the  next  depression  of  the  bucket  G,  it  will  go 
down  into  the  water  in  the  barrel  B ;  and  as  the  water  cannot  be  driven  bade 
through  the  now  dose  valve  ft,  it  will  raise  the  valve  a  as  the  bueket  descends, 
and  will  be  tifted  up  by  the  bucket  when  it  is  next  raised.  And  now,  the 
whole  apeee  below  the  budget  being  fiitl,  the  water  above  it  cannot  sink 
when  it  undepressed ;  but  upon  its  depression,  the  valve  a  will  rise  to  let 
the  bucket  go  down ;  and  when  it  is  quite  down,  the  valve  a  will  fall  by  its 
own  weight,  and  stop  the  hde  in  ihe  bucket.  "When  the  bucket  is  next 
nised,  idl  the  water  above  it  witt  be  lifted  up,  and  begin  to  run  off  by  tbe 
pipe  F.  And  thus,  by  raising  and  depressing  the  bucket  altematdy,  there 
u  still  more  water  raised  by  it;  which  getting  above  the  pipe  F,  mto  the 
'Wide  ia^  I,  will  supply  the  pipe,  and  make  it  run  with  a  continued  stream. 

So,  at  every  time  the  budcet  is  raised,  the  valve  b  rises,  and  the  valve  a 
fiBs;  and  at  every  time  the  bndcet  is  depressed,  the  valve  b  Ms,  and  the 
vahe  •liaai. 

Ae  it  is  the  pressure  of  the  air  or  atmosphere  which  causes  the  water  to  rise^ 
and  foQow^  piston  or  bucket  G  as  it  is  drawn  up;  and  since  a  column  of  water 
32  foet  hi^  is  of  equal  weight  with  as  thick  a  column  of  the  atmosphere, 
from  the  ettA  to  Ae  very  top  of  the  air;  therefore  the  peipeiidieolar  weight 
«f  the  piiloii  or  liiicktt  fipora  the  sutfoce  of  tiie  water  in  ttie  wdl  mus^ 
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be  less  thui  32  feet ;  otherwise  the  water  will  nerer  get  aboTe  the  budcet. 
Bat  when  the  hei^^t  is  lest,  the  pressure  of  the  itmospfaepe  will  be  greater 
than  die  weight  of  the  water  in  the  pompy  and  will  therefore  raise  it  above 
the  bucket ;  and  when  the  wat«r  has  onoe  got  above  the  bocket,  it  may  be 
lifted  to  any  height,  if  the  rod  D  be  made  long  enough,  and  a  sufficient 
degree  of  strengUi  be  employed,  to  raise  it  with  the  weight  of  the  water 
above  the  bucket  without  ever  lengthening  the  stroke. 

The  force  required  to  work  a  pump  will  be  as  the  height  to 
which  the  water  is  raised,  and  as  the  square  of  the  <Uameter 
of  the  pump-bore  in  that  part  where  the  piston  works.  So 
.that  if  two  pumps  be  made  of  equal  heights,  and  one  of  them 
:1>e  twice  as  wide  in  the  bore  as  the  other,  the  widest  wiD  nuse 
four  times  as  much  water  as  the  narrowest,  and  will  require 
therefore  four  time»  as  much  strength  to  work  it. 

The  wideness  or  narrowness  of  the  pump  in  any  other  part 
besides  that  in  which  the  piston  works,  cioes  not  make  the 
pump  either  more  or  less  difficult  to  work,  except  what  differ- 
emce  may  arise  from  the  friction  of  the  water  in  the  bore, 
which  is  always  greater  in  a  narrow  bore  than  in  a  wide  one, 
because  of  the  great  velocity  of  the  water. 

The  pump-rod  is  never  raised  directly  by  such  a  handle  as 
£  at  the  top,  but  by  means  of  a  lever,  whose  longer  arm  (at 
the  end  of  which  the  power  is  applied)  generally  exceeds  the 
length  of  the  shorter  arm  five  or  six  times,  and  by  that  means 

S'ves  five  or  six  times  as  much  advantage  to  the  power.  Upou 
ese  principles,  it  will  be  easy  to  find  the  dimensions  of  a 
pomp  that  shall  work  with  a  given  force,  and  draw  water 
from  any  given  depth. 

The  quantity  of  water  raised  by  each  stroke  of  the  pump- 
handle  is  just  as  much  as  fills  that  part  of  the  bore  in  which 
the  piston  works,  be  the  size  of  the  rest  of  the  bore  above  and 
below  the  piston  what  it  will.  The  pressure  of  the  atmo- 
sphere will  raise  the  water  32  feet  in  a  pipe  exhausted  of  air ; 
but  it  is  advisable  never  to  have  the  piston  more  than  20  or 
34  feet  above  the  level  of  the  surface  of  the  water  in  which 
the  lower  end  of  the  pump  is  placed ;  and  the  power  required 
to  work  the  pump  will  be  the  same,  whether  the  jnston  goes 
down  to  lie  on  a  level  with  the  surface  of  the  well,  or  wh^her 
it  works  30  feet  above  that  surface,  because  the  weight  of  the 
column  of  air  that  the  piston  lifts  is  equal  to  the  weight  or 
pressure  of  the  column  of  water  raised  by  the  pressure  of  the 
air  to  the  piston.  And  although  the  pressure  of  the  air  on 
the  surfitce  of  the  well  will  not  nuse  or  force  up  the  water  in 
jthe  pump-bore  more  than  32  feet,  yet  when  the  piston  goes 
4ova  into  the  column  so  raised,  the  water  gets  above  it,  9f^ 
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may  iben  be  raised  to  aiiy  height  whatever  abore  the  piston, 
according  to  the  quantity  of  power  applied  to  the  handle  of 
the  pump  for  that  purpose. 

.  Pumps  ought  to  be  made  so  (says  Mr.  Ferguson)  as  to  work 
with  equal  ease  in  raising  the  water  to  any  given  height  above 
the  sui&ce  of  the  well.  And  this  may  be  done  by  duly  pro- 
portioning the  diameter  of  the  bore  (in  that  part  where  the' 
piston  works)  to  the  height  the  water  is  to  be  raised,  as  that 
the  column  of  water  may  be  no  heavier  in  a  long  pump  than 
in  a  short  one^  or  indeed  equally  heavy  in  all  pumps  from  the 
shortest  to  the  longes^  on  a  supposition  that  the  diameter  of 
the  bore  is  the  same  size  from  top  to  bottom ;  and  whatever 
rize  the  bore  be,  above  or  below  that  part  in  which  the  pbton 
works,  the  power  required  to  work  the  pump  will  be  just  the 
same  as  if  the  bore  was  of  the  same  size  throughout. 

In  order  that  a  man  of  common  strength  may  raise  water 
bv  pumps  with  the  same  ease,  to  any  height  not  less  than 
10  reet,  or  more  than  100  feet,  above  the  surCeu^  of  the  well, 
Mr«  Ferguson  has  calculated  the  annexed  table,  in  which  tlie 
diameter  of  the  bore  is  duly  proportioned  to  the  height ;  and 
in  these  calculations  he  supposes  the  pump-handle  to  be  a 
lever  increasing  the  power  five  times. 


Heiglit  of  the 

oftheweU. 
10 

Piametor  of  tb« 
bore. 

lOOpamof 
Inches,   an  inch. 
6       -93 

Water  discharged  1 

a  minute, 

in  wine  measure. 

Gallons.    Pints. 

81       6 

15 

5 

66 

54 

4 

20 

4 

•90 

40 

7 

25 

4 

•38 

32 

6 

30 

4 

•00 

27 

2 

35 

3 

'70 

28 

3 

40 

3 

'46 

20 

3 

45 

3 

'2T 

18 

1 

50 

3 

•10 

16 

3 

^ 

2 

•95 

14 

7 

60 

2 

•84 

13 

5 

65 

2 

•72 

12 

4 

70 

2 

•6^ 

11 

5 

75 

2 

•53 

10 

7 

80 

2 

•45 

10 

2 

85 

2 

•38 

9 

5 

90 

2 

•31 

9 

1 

W 

2 

•25 

8 

5 

lOO 

2 

rl9 

8 

1 

^  In  the  first  column  look  for  the  number  of  feet  the  water  is 
to  be  raised ;  then,  in  the  second  column,  you  have  the  £a- 
meter  of  that  part  of  the  bore  in  which  the  piston  or  bucket 
works  ;  and  in  the  third  column,  the  quantity  of  water  whidi 
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tiie  fiyice  wUeh  munt  he  exerted  by  the  labourer  become^ 
niiidi  greater  than  the  weight  of  the  colamn  of  water  which 
he  ia  raising.  If  the  pump  be  laid  aslope,  which  is  very  usual 
in  these  occasional  and  hasty  drawings,  it  is  necessary  to 
make  a  guide  for  the  piston-rod  within  the  trunk,  that  the 
bag  may  play  up  and  down  without  rubbing  on  the  sides, 
iriuch  would  quickly  wear  it  out. 

The  experienced  reader  will  see  that  this  pump  is  very 
like  that  of  Gotaet  and  £>e  k  Deuille,  described  by  Belidor, 
ToK  ii.  p.  120,  and  most  writers  on  hydraulics.  It  would  be 
still  more  like  it,  if  the  bag  were  on  the  under  side  of  the 
partitiim  E,  and  a  valve  placed  further  down  the  trunk.  But 
we  think  that  our  form  is  greatly  preferable  in  point  of 
strength.  When  in  the  other  situation,  the  column  of  water 
lifted  by  the  piston  tends  to  burst  the  bag,  and  this  with  a 
great  force,  as  the  intelligent  reader  well  knows.  But  in  the 
K>rm  recommended  here,  the  bag  is  compressed,  and  the 
strain  on  each  part  may  be  made  much  less  than  that  whidi 
tends  to  burst  a  bag  of  six  inches  diameter.  The  nearer  the 
rings  are  placed  to  each  other  the  smaller  will  the  strain  be. 

The  same  bag-piston  may  be  employed  for  a  forcing-pump, 
by  placing  it  below  the  partition,  and  inverting  the  valve; 
and  it  will  then  be  equally  strong,  because  the  resistance  in 
this  case  too  will  act  by  compression. 

3.  An  ingenious  varialion  in  the  construction  of  the  socldng* 
pump,  is  uiat  with  two  piston-rods,  in  the  same  barrel,  in- 
vented bv  Mr.  Walter  Taylor,  of  Southampton.  A  vertical 
section  of  this  pump  is  given  in  fig«  224« 

Ihe  pistimHPods  have  neks  at  their  upper  parts  trorking  oti  the  oppetile 
sides  of  a  pinion,  and  kept  to  their  proper  positions  by  friction-rolllers. 
The  valves  used  in  this  pump  are  of  three  kinds,  as  shown  at  a,  6,  and  e. 
The  former  is  a  spheric  segment  which  slides  up  and  down  on  the  piston- 
rod,  and  b  brought  down  t^  its  own  weight;  the  aeoond,  A,  ia  ealkd  tbm 


this  kind  of  pump  the  pistons  may  either  be  put  m  motion  by  a  handk  in 
the  usual  way,  or  a  rope  may  pass  round  the  wh«el  if  e  in  a  proper  giooTt» 
the  two  ends  of  which,  after  crossing  at  the  lower  part  of  the  whed,  mar 
be  pulled  by  one  man  or  more  on  each  side.  A  pump  of  Uiis  kind,  wiUn 
seven  inch  bore,  heaves  a  ton  24  feeX  high  in  a  minute^  with  ten  men,  fire 
only  working  at  a  time  on  each  side. 

Another  improvement  of  the  eommbn  pomp  has  been  made 
by  Mr.  Todd,  of  Hull-  This  invention  in  some  particiilaiB 
bears  a  r^embhmce  to  the  ordinary  one,  but  he  has  con- 
trived to  douUe  ila  powers  by  the  fdlowing  means: 
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i  Having  pnepared  the  piston^eylinder^  which  may  be  12  feet 
high,  he  cata  from  the  bottom  of  it  about  three  feet ;  at 
the  end  of  the  great  cylinder  he  places  an  aUnospheric-Talve^ 
and  to  the  top  of  the  small  cylinder  a  serving-yalve.  In  the 
bottom  of  the  small  cylinder,  which  contams  the  serving' 
▼alve,  is  inserted  an  oblong  elliptical  carved  tube,  of  equal 
caliber  with  the  principal  cylinder,  and  the  other  end  is  again 
inserted  in  the  top  of  the  great  cylinder.  This  tube  is  divided, 
in  the  same  manner  as  the  first  cylinder,  with  atmospheric 
and  serving  vidves,  exactly  paralte)  with  the  valves  of  the 
first  cylinder.  The  pump,  Uius  having  double  valves,  pro- 
duces double  effects,  which  effects  may  be  still  further  increasedf 
by  extending  the  dimensions^ 

The  cylinder  is  screwed  fiir  service  on  a  male  tube  screw^ 
which  projects  from  the  side  of  a  reservoir  or  water  cistern, 
and  is  worked  by  hand. 

The  piaton-plunger  is  worked  by  a  toothed  segment- wh^, 
similar  to  the  prinaple  of  the  one  used  in  working  the  chain- 
pumps  of  shipa  belongii^  to  the  royal  navy;  and  the  wheel 
receives  its  motion  firom  a  hand- winch,  which  is  considerably 
accelerated  by  a  fly-wheel  of  variable  din^ensions,  at  the 
opposite  end. 

This  pump,  in  addition  to  its  increased  powers,  possesses 
another  very  great  and  prominent  advantage.  By  screwing 
to  it  the  long  leather  tube  and  fire-pipe  of  the  common  engpbe^ 
it  is  in  a  few  minutes  converted  into  an  effective  fire-engine. 
Hence,  whoever  possesses  one  may  be  said  to  have  a  C3n- 
venient  dcmiestic  apparatus  against  fire.  Three  men  can 
woik  it^  one  to  turn  the  winch,  another  to  direct  the  fire« 
pipe,  and  a  third  to  supply  the  water. 

4.  The  Forcing-pump  is  represented  in  fig.  225. 

'  II  raises  water  through  the  box  H,  not  in  the  same  manner  as  the 
todiiig  Of  liftmg  pump  does,  when  the  plunger  or  piston  g  is  lifted  up 
bf  the  lod  D if;  but  this  plunger  or  forcer  has  no  hole  through  it,  to 
let  tlie  Wttter  in  the  barrel  B  C  get  aboTe  it,  when  it  is  depressed  to  B.; 
and  the  valve  b  (which  rose  by  Uie  ascent  of  the  water  through  the  box  ii 
whcn'du^  plunger  g  was  drawn  up)  falls  down  and  stops  the  hole  in  H 
tfar  noioeot  that  the  plunger  is  raised  to  its  greatest  height.  Therefore 
as  te  water  between  the  plunsrer  g  and  the  box  H  can  neither  get 
tfaroa^  the  phwoer  upon  its  descent,  nor  back,  again  into  the  lower 
part  of  the  pomp  t^*!  but  has  a  free  passage  by  the  cavity  around  H  into 
the  pipe  MM,  which  opens  into  the  air-Tessef  K  K  at  P,  the  water  is 
Ibit^ed  throng  the  pipe  M  M  by  the  desceat  of  the  plunger,  and  driven  into 
the  air-veneiy  and  in  ronning  up  through  the  pipe  at  P,  it  opens  the  valve 
Of  which  flnto  at  the  moment  the  plunger  begins  to  be  raised,  because  the 
action  of  the  water  against  the  under  side  of  the  valve  then  ceases. 
Hie  water  being  thus  forced  into  the  air-veasel  K  K,  by  repeated  strokes 
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ot  thfe'plaiiger,  gdi  ftbove  tko  low€rtiMl  of  tlie  pimOHlt  «^  AeOr 
begins  to  conaense  the  air  in  the  vessel  K  K.  For  as  tfce  pipe  0  H  is  ftttil 
air-tigbt  iato  the  vessel  below  F,  and  the  air  has  no  way  to  get  out  of  the 
teasel  out  through  the  moi/th  of  the  i>ipe  at  1,  and  cannot  get  out  when  the 
mouth  I  is  tK>vered  with  watbr,  anfd  is  more  and  more  condeftsed  as  tbe 
wanar  risea  ttpdn  itae  pipe,  the  air  ihen  begins  to  lu^  forcibly  by  its  spring 
^;ainst  the  suf^e  of  the  water  at  H;  and  ihis  aoiion  drives  the  water  v^ 
through  thepipel  H  G  F,from  whence  it  spouts  in  a  jet  S  to  a  great  beufat^ 
and  is  suppbed  by  alternately  raising  and  depressing  the  plunser  g,  wmch 
<*onstaYitfy  forces  the  water  that  it  raises  through  the  valTe  H,  uong  the 
p^  M  M,  itfo  the  ak-vesMA  K  K. 

Tbe  higher  the  surfooe  of  the  water  f  I  is  taised  in  the  air-vessely  the  leas 
apace  will  the  air  be  condensed  into,  which  before  iilled  that  vessel;  and 
toerefore  Uie  force  of  its  spring  will  be  so  nwich  tlie  stronger  upon  the^ 
irater,  and  win  drive  it  vnth  the  greater  force  through  the  pipe  at  F ;  and  as 
the  spring  of  the  air  continues  whilst  the  pHinger  ^  Is  rismg,  the  stream  or 
jat Swill  be uaifovm  aa  long  as  tbe  ociton-vf  tfie plttSts^-eontitmea;  «Dd 
when  the  valve  k  opens  lo  tot  the  ^water  follow  the  plunger  upwaid,  Ae 
valve  a  shuts,  to  hinder  the  water,  which  is  forced  into  the  air->vessel,  ivooa 
nmning  back  by  the  pipe  M  M  into  the  barrel  of  the  pump. 

If  there  ivas  no  air-vessel  to  this  engine,  the  pipe  GHI  would  be  joined 
to  the  pipe  M  M  N  at  P:  and  then  the  jet  S  would  stop  every  time  the 
ptui^ar  is  taised»«nd  nm  oaly  when  the  plnnger  is  depreased. 

Mr.  Newsham'fi  Wailer-'engitie,  for  extittgnbliii^g  fire,  (see 
Fire-fti^be,)  comiBts  of  two  forcing^pmnpB,  which  nhernately 
drive  water  into  a  dose  vessel  of  air;  and  by  forcing  the 
water  faito  tikat  vessel,  the  ur  in  it  is  thereby  condensed,  andt 
compresses  the  water  fio  irtron^,  tlrnt  it  rushes  out  witSi 
mut  impetuosity  and  force  Dirou^  a  pipe  that  comes  down 
mto  it;  and  makes  a  continued  tuiiform  stream,  by  the  con* 
densalion  cif  the  ur  upon  its  surfiace  in  the  vessel. 

Bv  means  of  forcing^pumps,  water  may  be  raised  i»  any 
heq^t  above  the  levtt  of  a  nver  or  spring;  and  machines  may 
be  contrived  to  work  these  pumps,  either  by  a  running  stream^ 
a  &11  of  water,  by  faomes^  <Hr  iiy  «team. 

The  rod  of  the  backet  in  a  sucking-pump  is  sometimev 
made  to  work  through  a  cdlar  of  oiled  leathers  and  brasfi»*  * 
^tesy  connected  with  the  barrel  ot  die  parop  by  screws,  aad 
kept  moHiit  by  water  ccntaiaed  in  a  vasei  at  the  top :  it 
prevents  tbe  water  issuing  from  the  top  of  the  pump,  bboA 
therefore  by  a  pipe  it  will  raise  to  any  height.  This  |scall^ 
ia  the  Nartii  a  jackhead. 

5.  The  LifHng;^jmmp  differs  from  the  sucking-pump  only 
in  the  disposition  of  its  valves,  and  the  form  of  its  piston 
frame.    This  pump  is  repcesented  in  %«  236. 

AB  is  a  1>arrel  fixed  in  a  frame  IKLM,  whi^h  is  immovable,  w{& 
its  lower  paits  commonieacing  with  the  water.  OEQHPO  is  a  Ihkn^ 
with  two  strong  iron  rods,  movable  through  Mm  m  tiie  trpper  tM 
lower  parts  of  the  pmaps  IK  and  L M;  in  the  bottom  of  this  i^ame 
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OQtt, ki«A an  iuTeited  piston  B D^  with  iu  bucket  and  valre  nwm 
tb#  top  ikfc  S^  Upon  the  t^P  oCt|i6  \>dm^  there  goes  off  a  part  F  R,  either 
fixed  to  ll|ie  hanel^  ogr  vaovkb^e  by  a  Wl  and  socket;  but  in  either  case 
water  and  ifir  tij^t.  In'this  part^  at  C,  is  a  &ced  vah^e  opening  upwards. 
It  is  evident  tlut  ^vhen  the  ptston  Inuae  is  thrust  down  into  the  water,  the 
piston  D  descends,  and  the  water  below  will  rush  up  through  the  val?e  D^ 
and  get  above  the  piston ;  and  that,  when  the  frame  is  lifted  up,  the  piston 
Wl  ibrce'die  water  through  the  valTe  C  up  into  the  cistern  P,  diere  to  run 
off  l^  the  spoilt.  Ifhe  pistop  of  this  pump  plays  below  the  surface  of  the 
water.  Bfr.  Martin  has  described  a  mercurial  pump,  which  woriLs  by 
quicl^ilrer,  invented  bv  Mr.  Hoskins,  and  perfc^ed  by  Mr.  Desagutiert ; 
and  another  pump  of  the  lifting  sort,  invented  by  Messrs.  Gosset  and  De 
la  Beirille,  and  set  up  in  the  king  of  France's  gaiiden  at  Paris,  the  piston 
of  which  works  without  friction. — PkU.  Brit.  vd.  ii.  p,  57,  &c.  ed.  3. 

6.  Cittsibiuf's  pump,  the  first  of  all  the  kinds^  acts  both  by 
soctkm  and  pulsion. 

Its  stittcture  and  action  are  as  follows:  A  brass  cylinder  A  BG  t>,  6|;^ 
2!t7,  furnished  with  a  valve  in  L^  is  placed  in  the  water.  In  this  is 
fitted  an' embolus  MK,  made  of  green  wood,  which  will  not  swell  in  the 
water,  and  a4)usted  to  the  apeiture  of  the  c^Under  with  a  covering  of 
leather,  but  w^thoat  any  valve.  In  I{  is  fitted  on  another  tube  N  H,  with 
a  valve  th^t  opens  upwards  in  I. 

Now  the  embolus  M&  being  raised,  the  water  opens  the  valve  in  L,  and 
rises  into  the  cavity  of  the  cylinder;  and  when  the  same,  embolus  is  again 
d^resse^  the  valve  J.  is  opened,  and  the  water  driven  up  through  th^ 
tubeHN. 

This  is  the  pump  used  among  the  ancients,  and  that  from 
whic!^  both  the  others  are  deduced.  Sir  S.  Morland  has 
endei^voured  to  increase  its  force  b^  lessening  the  fiiction^ 
which  he  has  done  to  good  eCTect,  msomucb  as  to  make  it 
work  vhhout  ahnost  any  friction  at  all* 

7*  In  1813^  the  Society  for  the  Encouragement  of  Arts 
ccm&rred  a  ulver  medal  on  Mr.  John  Stevens,  for  an  imr 

Erovement  in  the  construction  of  the  forcing-pump,  by  which 
e  is  enabled,  at  a  comparatiTcly  trifling  expense,  to  vsise 
water  from  a  well  66  fieet  below'  the  surface  of  the  eround. 
The  wbole  expense  of  the  pump  and  apparatus  was  25/. 

The  lower  part  of  the  pum^tree  is  four  inches  in  the  bore. 
Tlie  lower  mat  of  the  rod  which  passes  through  the  stuflbig* 
box  18  maae  of  brass ;  the  ettxyw  and  upper  pump-trees  nre 
of  a  two-inch  bore,  and  may  be  easily  made  of  any  kind  of 
wood.  It  may  also  be  made  to  act  as  an  engine  to  extin- 
guish fives,  by  the  addition  of  an  aif^tight  vessel  and  pipe  to 
the  upper  part. 

In  the  dniwing  is  introduced  a  cap  and  screw,  in  preference 
to  screwing  it  to  the  pozle  of  f^he  pump,  as  it  is  stronger 
and  more  to  be  depended  upon;  and  when  the  water  is  to  be 
raised  a  great  height^  a  screw  is  dso  recominended  to  be 

s2 
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made  to  fit  the  node,  tlmt  eTerv  thiug  ma^  be  alwilyd  itwif 
tor  hnmediate  use.  The  work  of  this  pump  is  not  liable  to  bef 
faiiured  by  frost;  and  when  the  well  is  of  considerable  depth 
a  brass  or  metal  barrel  for  the  piston  to  work  in  should  he 
adqvted. 

Fig.  22B  is  a  section  of  a  well,  in  which  a  pump  of  this  kind  is  fixed  > 
A  A  represents  the  sur&ce  of  the  ground,  ana  B  j3  the  brickwork  of  the 
welly  in  which  the  water  stands  at  the  level  C^-and  is,  by  the  pump,  to  be 
raised  to  the  sur&ce  A  A. 

D-  is  the  lever  or  handle  of  the  pump,  which  has  the  rod  a  jointed  to  at, 
and  descending  to  the  pump  ;  the  rod  is  made  of  wood,  in  several  lengdis^ 
which  are  united  by  joints  of  iron,  in  the  manner  shown  at  fig*  229 ;  the 
wooden  rods,  a  a,  being  capped  with  iron  forks  b,  which  include  the  ends  of 
them  and  are  rivetted  fast;  the  ends  of  the  fbiks  arejetned  together  to 
connect  the  several  lengtlis. 

£  is  the  working  barrel,  or  chamber,  of  the  pump,  in  which  the  bucket 
Works ;  this  part  is  formed  of  a  tree,  bored  through  and  having  a  pric^ectins 
branch  e,  which  is  likewise  bored  obliquely  fb  the  barrel,  and  forms  the 
forcing  pipe;  in  the  bottom  of  the  barrel  the  suction-valve  is  situated,  being 
at  the  top  of  the  suction  part  of  the  pump,  which  is  bored  with  a  smaller 
auger  tlian  the  working  chamber,  which  is  also  Tmed  with  a  brass  tube, 
where  the  bucket  works.  The  top  of  the  barrel  is  covered  By  e  metat  Ud^ 
g,  (see  figs.  230  and  23*,)  which  has  a  stufBng-box  in  the  centre  to  receiTe 
Uie  metal  cylindrical  part  of  the  pump-rod  h  ;  to  the  lower  extremity  of  this 
the  bucket  a  is  fixed.  The  metal  Ud  consists  of  a  ring,  which  is  screwed  to 
the  wooden  barrel  by  five  screw-bolts,  passing  through  as  many  ears,  pro' 
jecting  from  th^  circumference  of  the  ring;  tivey  have  eyes  below  to  hook 
iq>on  pins,  which  are  fixed  in  the  wood^  but-  project  sofiiciently  for  these 
bolts  to  hold,  and  are  formed  into  screws  above,  so  as  ^o  hold  the  ring 
firmly  down,  by  means  of  nuts  screwed  upon  them.  The  movable  lid  of 
the  pump,  which  has  the  stuffing-box^  formed  iti  the  centre  of  itj  is  screwed* 
to  the  ring  by  five  screws,  and  these  can  be  taken  out  to  remove  the  lid; 
and  draw  up  the  bucket,  when  it  requires  to  be  leathered.- 

F  is  the  forcing  pipe,  formed  of  as  many  pieces  of  woodlen  pipes  as  are 
Inquired  to  make  up  the  length ;  they  are  united  together  by  making  the 
upper  ends  oonieal,  to  enter  a  similar  cavity  made  in  the  lower  end  of  the 
next  pipe  ;'the  lowest  piece  fits  upon  the  extremity  of  the  projediiig  braach 
«,ana  a  valve  is  proposed  to  be  put  in  the  pipe  at  this  ioint,  to  prevent  the 
return  of  tlie  water,  and  bear  part  of  the  weight  of  the  column  from  the 
lowest  valve  at  /;  theupper  end  of  the  pipe  has  a  spout  t,  at  wKidi  tfte 
water  is  deHvercd. 

M  is  a  second  spout,  fixed  into  the  pipe  lower  than  the  fomer ;  it  lias  a 
screw  by  which  it  can  be  united  to  a  hole,  or  leather  pipe,  to  cOnrvey  the 
water  to  a  distance,  or  by  means  of  a  jet,  or  branclv-pipe,  to  throw  it  m  the 
manner  of  a  fire-engine ;  in  this  case  thenpper  spont  {  musrbe  stopped  ap, 
hy  a  screw-plug  or  cap ;  ancP  there  i*  a  copper  air-tigfat  vessel  U,  sitmted 
at  the  top  of  thie  pipe  F,  to  equalize  the  puisatire  motion  o£  the  water-  as 
thrown  by  the  pump. 

K  is  a  bracket  fixed  to  the  pipe  P,  and  projecting  over  the  centre  of  the 
pump,  where  it  has  a  hole  to  receive  the  pump  rod  A,  and  guide  it  steadily 
in  its  motion  un  and  down,  that  it  may  not  wear  the  stoffing-bos  away  <nx 
one  side.  As  the  wooden  tubes  of  which  the  foicingH[miap  F  is  composed 
way  be  made  iiMft  waste  or  ciooked  timber,  it  iMtkes  a  great  di&renee 
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between  the  low  price  ,of  iucMy  and  ihaA  ef  the  stiaignt  trees  necestary  Isr 
conaskcm  pumps.  A  wooden  plvg  may  be  chained  to  the  punp,  betwixt 
the  apQoits  or  noxles  M  and  I,  so  as  be  ready  to  stop  that  which  is  not  wanted 
in  use. 

Mr.  Stephens  is  of  opinion^  that  it  is  better  to  place  the 
yalve  /  abore  the  level  or  the  water  in  the  well. 

S.  Mr.  WilHam  Tyror^  of  Liverpool,  took  out  a  patent  in 
March^  1819,  for  certain  improvements  in  the  constmction 
of  pumps,  and  in  the  machinery  for  working  the  same. 

This  improvement  consists  in  haying  four  brass  chambers,  marked  P  P  P, 
%.  232,  joined  together  by  means  of  breech-pieces  with  screws,  and 
•ddered  across  the  joints ;  these  breech-pieces,  mariced  Q,  Q,  being  cast 
of  brass,  or  any  other  suitable  metal.  When  these  are  complete,  PP, 
fig.  233,  is^  placed  upon  the  bieech-piece  Q  q,  fig.  234,  and  "both  of  them  are 
md  to  or  under  a  box  pr  firame  suitable  for  the  purpose. 

This  box  or  firame,  fig.  238,  is  fiimished  with  eight  brass  'grotrres, 
OOO,  fiistened  to  the  sides  with  screws;  and  a  crank,  or  four  cranks  in 
oiie,ihflit  is,  one  crank  out  of  each  side  of  the  same  piece  of  square  iron  or 
any  other  ^suitable  metal,  one  up,  one  down,  one  in  front,  and  one  in  back. 
To-one  end  of  the  erank,  or  cranks,  is  fixed  two  tooth  and  pinion  wheels, 
a  sufficient  distance  apart  to  allow  two  wheels  of  the  same  diameter  and 
thickness  to  stand  between  them,  so  that  the  cranks  may  go  round  without 
atoving  the  other  wheels,  marked  C  and  E.  The  wheels  D  and  F  are 
made  fiist  on  the  cranks  A,  A,  by  means  of  a  screw  or  pin,  and  the  Wheels 
C  and  J^  being  fixed  close  together,  slide  to  and  fro  upon  the  square  end 
of  the  aade  U,  by  n»eans  of  the  guide  or  sliding  geer  V,  whidi  is  fixed  in ' 
a  groove  turned  out  of  the  nare  of  the  wheel  C,  by  means  of  a  clip  and  two 
screws  which  fiisten  it  underneath,  and  rests  in  the  notches,  fixed  at  the 
other  end  of  the  box  or  firame,  'fi>r  the  end  of  the  guide  or  geer  to  rest. 

The  notches  are  three  in  number  on  eadi  side  of  the  box  or  frame  W. 
The  one  fiuthest  from  the  wheel  has  the  guide  V,  drawn  back,  with  the 
wheel  E  upon  the  small  wheel  F.  By  moving  the  guide  into  the  middle 
noli^  the  wheels  C  and  £  are  kept  between  Sie  wheels  D  and  F ;  and  the 
noleh  nearest  the  wheels  guides  the  wheel  C  on  the  large  wheel  D,  so  that 
tbft  power  as  inuoh  isreater  when  forciug  .or  drawing  water  from  a  great 

When  ^e  wheels  C  and  £  are  placed  in  the  space  between  the  lower 
wheels,  the  handle  is  moved  from  the  upper  axle  U,  and  placed  upon  the 
end  of  the  crank  A  A,  and  the  pump  is  worked  without  the  assistance  of 
the  wheels  as  occasion  ma^  require.  The  machinery  is  furnished  with,  four 
heyibow  rods,  marked  B  B  B,  for  the  purpose  of  mdng  to  them  the  spear 
bms  or  plunging  rods,  1^  means  of  a  joint  and  pin  and  bolt,  the  key4}ow 
Wog^led  squaie  across  in  the  inside,  so  as  to  give  the  roller-step  a  fair 


¥lg.  935  represents  the  roUing-step,  which  is  formed  of  two  pieces  of 
brass,  the  one  half  round,  of  a  thickness  according  to  the  strength  or  size  of 
the  BaehiDetT ;  and  the  other  round,  like  a  wheel  or  sheave  in  form,  and  of 
tliesame  thicimess  as  the  other  half.  This  round  sheave  or  wheel  is  cut  half 
through  the  middle  edgeways,  and  the  piece  is  then  cut  ofi*,  and  a  dovetail 
is  cut  down  the  width  in  proportion  to  the  crank.  The  other  half  is  then 
fittfld  into  the  place  from  whence  the  larger  piece  has  been  cut,  and  both  of 
<be»  an  held  together  by  means  of  two  screws ;  and  the  sheave  or  wheel  is 
fhett  JB  the  ton  of  its  appearance  before  it  was  cut.    A  hole  is  now  drilled 
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tiuoiigh  the  oentre,  and  it  U  fixed  upon  the  before  mentioned  ctttdt  /or 
cranln.  Y,  in  fig.  236,  represents  the  larger  half  of  this  step;  and  X,  fig* 
%37,  repDBsents  the  smaller  half,  with  the  dove-tailed  standing  upon  it» 
which  fills  up  the  vacancy  or  room  that  is  made  in  the  large  half  for  fixing 
it  upon  the  crank. 

ne  ends  of  eadi  key-bow  is  se^  in  the  grooves,  DO  O,  fig.  238,  and  thekey- 
bow  rods,  B  B  B  B,  work  tlurongh  boles  in  the  bottom  of  the  box,  for  wbi& 
purpose  an  iron^late  or  base  is  formed  with  four  holes,  8S  S,  fig.  S39, 
and  is  fixed  at  the  bottom  of  the  box  or  frame  with  screws.  The  rods,  by 
being  fitted  into  the  holes  in  this  plate,  keep  ^e  stroke  of  the  pump  per- 
pendicular, while  the  step  rolls  backwards  and  fiirwards  in  Ae  key-bow,  as 
ilKy  are  forced  up  and  down  by  the  cranks  moving  or  turning  alternately 
round. 

When  this  machinery  is  applied  over  a  forcing-pump,  or  placed  over  a 
firenengine,  it  causes  a  greater  quantity  of  water  to  be  discharged  from  the 
cistern  or  engine,  and  as  it  is  very  powerful,  il  is  highly  necessary  that  h 
should  have  a  cock  of  a  superior  size,  to  let  more  water  pass  through  in  the 
same  time  than  ordinary ;  for  this  purpose  Mr.  Tyror  makes  the  bame!, 
or  that  part  of  the  cock  where  the  key  or  stop  goes  in  on  one  side,  so  that 
there  is  but  one  stop  to  the  plug  or  key,  the  stop,  resting  in  that  part  that 
pvertiann  the  side,  admits  ot  room  for  a  full  sized  water-way  to  oe  cona- 
pletely  through  it,  without  causing  the  water  to  hare  any  babble  or  cuif 
as  it  passes  through  the  plug, 

Beierenoe  to  the  figures  ; 

Fig.  340  represents  aside  view  of  the  cock. 

Fig.  241j  a  top  view  of  the  same. 

Fig.  242,  the  plug,  with  the  water-way  cut  out. 

Fig.  243  represents  the  crank,  with  the  tooth  and  pinion  wfaeeb^  and  the 
^[f^ng  steps. 

Fig.  244,  the  upper  axle,  with  the  improved  plan  of  the  sliding  geer- 

Fig.  ^45,  te  spcAT  box  and  rod  in  the  form  of  the  fiistening  at  me  top  of 
(he  key-bow  rod,  when  applied  for  dipping. 
.  Fig.  246,  a  front  view  ot  the  pump  standing  upon  a  ship's  deck. 

9.  Mr.  Richard  Franklin  lias1>ecn  rewarded  by  the  Society 
of  Arts  for  effectbu[  certain  improvementa  in  the  lifting  and 
AMPdng  pamp,  hv ^mich  water  can  becodvejredinto  acist^n 
at  the  top  of  the  houte^  to  supply  all  the  dreaung^iooias, 
.water-closets^  &c. 

A  section  of  tiiis  pump  is  given  in  fig.  247. 

'  AA  are  t«fO  pistons;  on  the  upper  &ce  of  each  is  a  double  wive,  eece  e-| 
ihe  upper  pislou'-rod  passes  through  the  stuffing-box  B^and  the  Umm 
thieogh  the  stuffing-box  G,    S  is  the  suction-pipe,  and  D  the^Uaabaigaig* 

'  Fig*248isaiiexteiMlview  cf  thepiimp;  •0e^the4evererli«od^2  F 
jihe  fulcrum,  on  which  Uie  handle  moves ;  G  G  is  the  pump-cyUnder;  .40.« 
the ivheels  which  revolve  between  the  standards  xx»»^  aikd  which  coindeei 
,lhe  pi^Qrrods  parallel  to  the  cylinder ;  tp  the  conduoting-rod,  which  een- 
.▼efs  !th(9  nu^on  of  the  handle  to  the  tower  piston;  «« the  oonduetiiiModf 
pmieh  gives  faction  to  the  upper  piston.  It  u  evideoi^  wlie»the  htti&e.er 
)mm  is  lifted,' that  the  upper  piston  is  pcesaed  down,  and  the  lower  patnaet 
fX  the  same  time  elevated,  with  its  valves  shut,  which  forces  the  water 
through  the  upper  piston  and  die  discharging-pipe  at  the  eame  ojpetfttiea. 
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AbA  tvhea  dw  handle  b  pi^issed  down,  the  upper  pisUm  rises  witli  its  yalvet 
4loM^  and  tbe  water  in  its  asoenaioa  is  ioieed  through  the  ditthargingi. 
]p%)e;  at  the  same  ume  the  kmer  pistofi  desqeads,  hy  whwh  action ile valves 
are  opened,  and  introduces  a  supply  of  water  emal  to  the  contents  of  the 


^linder,  minus  the  capacity  of  ooth  pistons.    The  peculiar  advantages  of 
chis  1 


i  pump  with  double  pistons  are,  that  with  a  six-inch  stroke  it 
jk  <|aaati^  of  water  equal  to  tv^lve  inches  of  Uhe  cylinder :  and  so,  in  3u» 
wopoHioDy  by  abnye  douhUng  the  quantity  of  the  itioke»  ivhatever  it  vu^ 
iM ;  aiw)  thns  fiunishin^  a  pruduet  iust  equal  to  two  common  pumps  of  the 
aame  stroke  and  capacity  of  cylinder,  and  certainly  with  less  than  a  pro- 
portionable friction  and  expense. 

]€l  The p9mp9ib»%Bxe\igQallY&a^^ 
have  mimy  iiieoiive«deQGies»  the  pnncipiil  of  which  we  fAM 
hetejiMceed  todeflcribe» 

Isc  As  it  is  necessary  for  the  pumps,  whilst  sinking,  to  keep  the  water 
very  low  in  ^  |^t,  the  engine  firequ^tly  goes  too  ftst,  in  coBsequeoce  of 
tibe  pump  drawmg  up  air»  and  carries  up  by  the  violence  of  the  current 
small  pieces  of  stone,  coal,  or  other  substances,  and  lodges  them  above  the 
bucket  upon  the  valves,  which  must  considerably  retard  the  working  of  the 
pump,  and  wear  the  leather. 

Sdly.  When  the  engine  is  iet  to  work,  (after  having  been  stopped  whilst 
wocking  upon  air,  and  consequently  a  quantity  of  air  remainihg  in  the  pump- 
baml,  vrim  the  small  stones,  &c.  d^poaited  op  the  valves  of  the  bucket,)  it 
often  happens  that  the  compressure  of  the  air  by  the  descent  of  the  bucket, 
is  not  sufficient  to  overcome  the  weight  Of  the  bucket-valves  so  loaded  with 
rubbish,  and  the  column  of  water  in  the  stand-pipes;  the  pump  is  ther^y 
prevented  from  catching  its  water.  The  usual  oeiMdy  for  this  is  fo  draw 
the  bucket  out  of  the  wofking-bairel,  unt|l  a  qoan^y  of  vrater  has  escaped 
by  its  Sides  to  displace  the  air ;  this  evil  often  arises  from  the  unnecessary 
m^nutude  of  the  space  between  the  bucket  and  the  clack. 

3dly.  The  pumps  being  suspended  in  ^e  pit  by  capstan  vbpcs,  for  the  pur- 
pose of  readily  lowering  as  me  pit  is  sank,  the  stretching  of  the  ropes 
(especially  when  sinking  in  soft  strata)  occasions  much  trouble^  by  suffermg 
the  pomps  to  rest  on  the  bottom  and  choke ;  but  the  meat  serious  evil  is, 
that  the  miners,  in  shffting  the  pump  ifom  cne^  ^iaee  to  another,  that  they 
may  dig  in  all  parts  of  the  pit,  throw  them  imj-tut  oak  of  the  perpendicular, 
thereby  cansing  immense  friotion  and  wearing  in  all  parts,  besides  endan- 
gering the  whm  apparatus^  by  breaking  the  bohs  and  sta^,  and  straining 
the  j&its  of  the  pipes. 

Thcee  incpnvenieiicies  hare  been  obyktted  by  Mr.  WiDiaoi 
Rrtmton^  of  Buttery  Iron-works,  in  Derbyshire,  who,  to 
avoid  the  pnmp  dra\mg  air,  has  introduced  a  side  pipe,  con- 
necting tbe  pwrts  of  the  working-barrel  which  are  above  and 
below  the  bucket,  which  pipe  has  a  stop-valre,  that  the 
mbera  can  regulate  with  the  greatest  ease,  so  as  to  keep 
the  enf^e  to  its  full  stroke  wiUiout  drawing  air,  by  letting 
down  the  water  tfom  the  upper  ^art  of  the  barrel  into  the 
lower,  80(bat  it  n  working  again  ip  its  own  wat^r.  Instead 
.4^  haTiag  ^»  whole  weight  dP  the  lower  lift  of  pumps  stand* 
ilngoo  fh^  bottoni,  it  is  fixed  in  the  pit  by  cross  beams,  aM 
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ibe  miner  has  only  to  lift  apd  move  an  additional  pipe  or  wiad^ 
bore  which  slides  upon  Uie  lower  end  of  the  pump  like  a 
tdeaoope,  to  lengthen  down,  and  this  additional  wincl-bore  is 
besides  crooked,  and  turned  aside  like  a  short  crank,  which, 
by  the  iiicility  with  which  it  turns  round  in  the  leather  collar 
about  die  nose  of  it,  can  easily  be  removed  into  every  fresh 
bole  which  is  made  in  the  bottom  by  the  miners.  The  pumpa 
are  supported  in  the  pit  by  beams  placed  across  at  propsr 
.distances,  so  as  to  suit  the  lengths  oi  the  pipes,  or  lengths  of 
the  pump,  which  are  nine  feet.  Short  pieces  are  laid  across 
these,  with  half-circular  holes  in  them,  which  being  put  round 
the  pump,  just  beneath  the  Ranches,  firmly  support  its  weight, 
but  may  quickly  be  removed,  when  it  is  reqmred  to  lower  the 
pumps  in  tiie  pit ;  and  as  tbey  are  not  fastened  by  any  bolt 
they  do  not  prevent  the  pumps  being  drawn  upwards,  if  it 
becomes  necessary  to  take  out  the  pumps  "vrtien  the  pit  is  foil 
pf  water, 

The  pumps  by  these  means   remain  stationary,  and  the 

'  ^uetion-pipe  lengthens  as  the  pit  is  sunk,  until  it  is  drawn  out 

to  its  foil  extent ;  the  whole  column  is  then  lowered  to  the 

next  stapches,  and  another  pipe  is  added  to  the  top.    The 

pumps  being  thus  kept  stationary  till  nine  feet  are  sunk,  the 

|)ipe  at  the  top  will  of  course  deliver  the  water  at  the  same 
evel  at  dl  times,  and  instead  of  being  obliged  to  lengthen  the 
column  at  every  yard  sunk,  it  will  only  be  necessary  every 
nine  feet. 

Fig.  249  eiplains  the  construction  of  Mr.  Brunton*9  pump,  being  a  aec* 
tion  Uirooefa  tne  centre  of  the  working*barrel  and  suction  piece.  A  is  tba 
4oor  vtlnak  unscrews  to  get  at  the  clack  of  the  pump ;  B  is  the  wocking- 
barrel  with  tht  bnoket  D  worlung  in  it ;  £  is  the  dack,  also  shown  in  figs. 
S50  and  251 ;  F  is  the  mclMm-pipey  and  G  G  a  moYaUe  lengthening  piece  x 
.ihis  Hides  ov^r  and  includes  the  other  when  the  pump  is  ftrst  fixed ;  but  as 
the  pit  is  sunk,  it  slides  down  orer  the  pipe  F,  to  rcAch  the  bottom.  The 
outside  of  the  inner  pipe  F  is  turned  truly  cylindrical  and  smooth,  and  the 
inside  of  the  outer  pipe  G,  at  the  upper  end  for  about  six  inches  down,  is 
made  to  fit  it.  The  junction  is  maide  perfect  by  leathers  being  placed  in 
the  bottom  of  the  cup  ««,  which  holas  water  and  wet  day  over  4tem,  to 
keep  them  wet  and  pliable,  and  consequently  air-ti^ht  •  The  lower  e»- 
tremity  of  the  suction-pipe  G  terminates  in  a  nose  R,  pierced  with  a  number 
of  small  holes  that  it  may  not  take  up  dirt.  This  nose  is  not  placed  in  a 
line  with  the  pipe,  but  curved  to  one  side  of  it  like  a  crank,  so  as  to  describe 
a  oirde  when  turned  round. 

By  this  means  the  miners,  bv  turning  it  round  upon  the  pipe  F»  c«i 
aliravs  plaioe  the  nose  R  in  the  oeepest  part  of  the  pit ;  and  when  they  dig 
or  blast  a  deeper  part,  thcr  turn  the  nose  about  into  it,  the  slidtnr  tube 
lengthening  down  to  reach  the  bottom  of  the  hole,  as  shown  in  the  ngttt«. 
By  this  means  there  is  never  a  necessity  to  set  a  shot  for  blastnig  so  aett- 
ihe  pnmp  foot  as  to  pst  it  in  any  danger  of  being  injured  by  the  cxplosi«iw 
as  is  the  case  of  t|ie  eommon  pump,  in  which  this  dajiger  can  only  be 
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ftfiAded  by  moriog  the  pump  foot  to  one  side  of  the  pit,  which  necessaril j 
€mm%  the  whole  cohimn  of  pomps  out  of  the  perpendicular. 

The  coDstniction  of  the  dack  is  explained  by  figures  250  and  251,  the 
former  bemg  a  section,  and  the  latter  a  plan.  L  L  is  a  cast-iron  ring,  fitting 
into  a  conical  seat  in  the  bottom  of  the  chamber  of  die  pump,  as  shown  in 
fig.  249 ;  it  has  two  stems,  / 1,  rising  from  it  to  support  a  second  iion  ting 
MM ;  just  beneath  this  a  bar  m  extends  across  from  one  stem  to  another, 
and  has  two  screws  tapped  through  it ;  these  press  down  a  second  cross 
haa  a,  which  holds  the  leather  of  the  valves  down  upon  the  cross  bar  of  the 
ring  L,  and  this  makes  it  fest,  forming  the  hinge  on  which  the  double  valves 
open,  without  the  necessity  of  making  any  holes  through,  as  is  common :  but 
the  chief  advantage  is,  that  by  this  means  the  dadc  can  be  repaired,  and  a 
new  leather  pat  in,  with  far  less  loss  of  time  than  at  present,  an  object  of  the 
greatest  importance;  for  in  many  situations  the  water  sathers  so  fast  in  the 
pit,  that  if  the  dack  fails,  and  cannot  be  quickly  repaired,  the  water  rises 
above  the  clack  door,  so  as  to  prevent  any  access  to  it,  and  there  is  no 
remedy  in  the  common  pump  but  drawing  up  the  whole  pile  of  pumps, 
whidi  is  a  most  tedious  and  expensive  operation. 

la  Mr.  Bnmton's  pump,  the  dack  can  at  any  time  be  dravm  out  of  it,  by 
first  drawing  out  the  tracket,  and  letting  down  an  iron  prong  Z,  which  has 
hooks  on  the  outside  of  its  two  points ;  this,  when  dropped  down,  will  fall 
into  the  ring  M,  and  its  prongs,  springing  out,  will  catdi  the  under  side,  and 
bold  it  fiist  enough  to  draw  it  up.  Anouer  part  of  Mr.  firunton's  improve- 
ment consists  in  the  addition  of  a  pipe  H,  (ng.  249,)  which  is  cast  at  the 
same  time  with  the  baitel,  and  communicates  with  it  at  top  and  bottom, 
just  above  the  dack ;  at  the  upper  end  the  pipe  is  covered  by  a  flat  sliding' 
plate,  which  can  be  moved  by  a  small  rod  6,  passing  through  a  cdlar  U 
feather;  the  rod  has  a  commimication  by  a  lever,  so  that  the  valve  can  be 
opened  or  shot  by  the  men  in  the  bottom  of  the  pit. 

The  object  of  this  side  pipe  is  to  let  down  such  a  prppor^ 
Uon  of  the  water  which  the  pump  draws,  as  will  prevent  it 
idrawiiig  air;  though,  of  course,  the  motion  of  the  engine  will 
he  so  adapted  as  not  to  require  a  great  proportion  of  the 
water  to  be  thus  returned  through  the  side  pipe ;  yet  it  will 
not  be  possible  to  work  the  engine  so  correctly  as  not  to  draw 
some  without  this  contrivance ;  and  if  it  does,  it  draws  up 
much  dirt  and  pieces  of  stone  into  the  pump,  besides  causing 
the  engine  to  work  very  irregularly,  io  consequence  of  partially 
losing  its  load  every  time  the  air  enters  the  pump.  Another 
service  of  the  side  pipe  is,  to  let  water  down  into  the  chamber 
of  the  clack  to  fill  it,  when  the  engine  is  first  set  to  work,  after 
the  pumps  have  been  standing  stiU,  and  the  lower  part  of  the 
barrel  and  chamber  are  empty. 

11.  Figures  252  and  253  are  a  section  and  elevation  of 
a  three-lwrrel  force-pump,  of  a  very  good  construction,  which 
was  used  by  Mr,  Smeaton  in  the  numerous  wafter-engiaes 
which  he  erected  at  London-bridge,  Stratford,  and  other 
plseesy  for  the  supply  of  towns  with  water.  It  has  the  ad- 
vantage of  the  valves  being  very  accessible,  and  the  water-way 
may  be  kept  to  the  foil  sue  of  the  barrel  without  contractiojis. 
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^wliicli,  M  they  oecarion  gtett  resiitenoe  to  the  molaos  «f  tiie 
water,  are  a  waste  of  power.  It  acts  on  the  same  prlndple 
as  the  ordinary  forcing-pump,  only  that  three  barrels  are  con* 
uected  together  for  the  advantage  of  raising  a  constant  stream 
of  water. 

A  A  are  the  banels,  which  are  bored  out  truly  cylindricaL  If  the  pump 
is  smally  the  barrels  are  usually  made  of  brass ;  but  lor  larger  work,  cast-iroa 
is  used.  From  one  side,  near  the  bottom  of  each,  proceeds  a  curved  pipe  B, 
turning  up,  and  ending  with  aflaunch,  to  screw  to  (he  under  side  of  the  rorcing- 
chamber  ll  There  is  also,  near  the  bottom  at  the  opposite  side  <^  the  barrel, 
a  prtqectittg  neck  or  short  pipe  D,  covered  at  the  end  by  a  door  screwed  on, 
that  It  may  be  removed  to  give  access  to  the  valve  in,  in  the  bottom  of 
the  barrel.  Hie  barrels  have  projecting  rings  or  flaunches,  by  which  they 
are  screwed  down  upon  the  suction-chamber  H,  which  is  common  to  afi 
three  barrels ;  it  has  a  pipe  from  each  of  its  rods  terminating  in  a  flaundi  kf 
to  screw  on  the  pipes  which  bring  the  water  to  the  pump.  The  upper 
flanoch,  or  top  or  the  sutetion-chamber  11,  has  three  hdes  in  it,  one  under 
eadi  bvrel,  and  each  is  covered  by  a  valve  shutting;  downwards,  as  is  shown 
in  the  section,  fig.  352.  These  valves  are  made  of  iron,  to  shut  down  upon 
hinges  like  a  door^  and  are  covered  with  leather  at  the  lower  side. 

Mr.  Smeaton  made  his  valves  ^th  the  centre-pin  of  the 
hinge  removed  backwards  from  the  hole  which  the  valve 
eovers,  and  it  is  also  raised  above  the  surface  of  the  under  side 
of  the  valve,  by  which  means  the  valve  opens  in  some  degree 
on  that  side  where  the  hinge  is,  as  well  as  on  the  other,  and 
any  obstraction  getting  into  the  valve  will  be  less  liable 
to  be  detained,  and  will  not  have  such  a  great  leverage  to 
break  the  hinge  of  the  valve  when  the  force  of  the  water  shuts 
it  down,  as  it  would  if  the  hinge  was  on  a  level,  and  dose  to 
the  edge  of  the  hole,  because  the  obstacle  will  not  be  so  near 
the  centre. 

The  hinge  is  fastened  to  the  pump  by  the  screw  w,  passing  through  the 
/netal,  and  screwing  into  the  hinge;  this  being  withdrawn,  and  the  door  D 
,open^,  the  valve  is  quite  loose,  and  may  be  taken  out  to  renew  the  leather. 
'To  give  fiicility  to  tius,  the  doors  D  are  made  oval,  as  Mlown  in  fig.  253. 
Another  similar  valve  •  is  fitted  at  the  top  of  each  of  the  pipes  B,  to  cover 
rtiieir  apertures ;  they  are  all  covered  by  a  common  forcing-chamber  X«, 
jvhich  IS  exactly  similar  to  the  suction-chamber,  except  that  it  has  nozles  B, 
in  the  top  over  each  ^alve,  and  covered  with  doors  to  give  access  to  them. 
The  condocttng-pipes  are  carried  awa^  from  either  end  of  the  fbrdfeigu 
^chamber,  flaunches  being  provided  to  unite  them.  Sacb  faarrel  k  fttted  with 
^a  piston  or  forcer  M,  which  consists  of  three  raetallie  f^ates,  secured  to  the 
,rcd :  the  middle  plate  is  turned  true,'  and  fitted  as  accurately  as  possible  to 
^e  barrel ;  the  upper  and  lower  plates  are  somewhat  smaller.  Two  voand 
fieeei  of  leaMMr,  lafginr  than  the  banei,  are  ptaeed  above  and  Mow  tiM 
midik  plane,  beifw  hM  fast  betweaailand  the  upper  end  lowef  jtees. 
When  nreed  into  the  barrels,  these  leathers  turn  up  and  down  rcni^tlie 
upper  and  lower  plates,  forming  two  cups  of  leather,  which  accurat^  ia 
die  barrel,  and  will  not  permit  any  fluid  to  pass  by  them. 

inK  parts«r  Ike  fwitp  iit'finMeiied 'togeaM^li^  setter 


lie-tuijkifllood  b^  in0|ieotiQik  of  tUe  figpins.  Ibe  whole  pomp  is  soffMctod 
on  two  groond-nlls,  aocl  by  means  of  two  iron  branches  oi  the  suction- 
^bamber  H^  the  wbole  pump  i»  bolted  down  upon  the  ground-sills. 

The  action  of  this  pump  is  simply  this  :  when  the  piston  or 
Ibrcer  of  one  barrel  is  raised^  it  causes  a  vacuum  in  it,  and 
the  pressure  of  the  atmosphere  forces  the  wat-er  up  the  suction* 
pipe  H,  (if  not  more  tiian  30  or  33  feet,)  opens  the  valve  m, 
in  the  bottom  of  the  barrel,  and  fills  it  with  water ;  on  the 
descent  of  the  forcer,  the  lower  valve  sbuts^  and  the  forcing 
valve  n  cff&aB,  by  the  water  the  barrel  contained  being  diivea 
tfaroo^  It  into  the  fordng^clttusiber  L,  and  thenee  Co  tsif 
place  whither  the  fordng-nipe  is  carried.  On  the  reascent 
of  the  forcer,  the  lower  valve  m  opens^  and  the  shuttmg  of 
the  forcing-valve  n  prevents  the  water  returning  into  the 
barrel,  lie  three  forcers  work  up  and  down  alternately,  so 
that  while  one  barrel  is  sending  water  up  the  force-pipe,  the 
others  are  lifting  it  up  the  suction-pipe,  and  the  third  con- 
tinues the  action  in  tne  interval,  when  tiie  change  of  motion 
takes  place  between  the  two.  In  this  manner  the  pump  will 
rabe  a  very  constant  stream  of  water,  if  the  forcers  are 
woiked  in  a  proper  manner ;  which  is  best  done  by  means  of 
cranks,  placed  at  such  an  angle  to  each  other,  upon  the  same 
axis,  tibat  they  will  act  in  due  succession. 

12.  English  ships  of  war  carry  four  chain^pumps  and  three 
haad-pumpsy  all  being  fixed  in  the  same  well,  which  jJao 
includes  the  maimnast. 


Ibe  chain-pump  (fig.  254)  is  no  other  than  a  long  chain  A,  with  a  t 
Aient  number  of  pistons,  a^  called  backets  or  saucers,  fixed  upon  it  at  proper 
distances;  it  passes,  downwards  through  a  wooden  tube  B,  and  returns 
upwards  in  the  same  manner,  on  the  other  side  D,  the  ends  being  united 
togetber.  The  <&ain  is  extended  over  two  wheels,  £  and  F,  eaUed  spxecket- 
wfaeels;  one  is  plaoed  over  the  tubes  B  and  D  of  die  pump,  and  the  other 
JU  ibe  bottom  in  the  space  between  the  two  tubes  through  whidi  the  chain 
ascends  and  descends.  Bv  turning  the  upper  wheel  £,  the  chain  of  buckets 
is  put  in  motion,  and  the  lower  pait  of  the  wooden  tube,  in  which  the  chaii) 
ascends^  is  lined  with  a  brass  barrel,  in  which  the  saucers  are  fitted.  As 
they  sore  oontinuaUy  ascendiiig  in  this  tube,  they  raise  a  constant  streton  of 
wate^  which  nms  off  finmi  the  top  of  the  oteending  tnxd^  and  is  earned  by 
a  Irank  through  the  ship's  side  into  the  sea.  The  pump  is  worked  by  a 
crank  or  winch  G,  fixed  on  the  axis  of  the  upper  wheel,  whereon  several  mei^ 
maybe  empV)yed  at  once;  and  Uius  it  discharges  in  a  limited  time  a  much 
greater  quantity  of  water  than  the  common  pump,  and  that  with  less  incon- 
i  to  tbe  bdxniieia. 


13.  Hie  chain«jrtnnp  now  in  nse  in  the  navy  is  of  a  fery 
Improved  eonstnictkMi^  cdmpared  with  original  dmin-puihps. 
It  wasf  introduced  by  Mr.  Cole,  miderthe  direction  crfOapt. 
Bentinck.  The  chaui  of  this  machine  is  simple,  and  not 
fauph  ^^cfmtA  to  daiiuige.    hii  exactly  simikr  lo  tkit  of  the 
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ftre-engine,  and  appears  to  have  been  fint  applied  to  the 
pomp  by  Mr.  Myhxe,  to  exhaust  the  water  from  the  caissons 
at  Bhckfriars-bndge.  It  has  thence  been  transferred  to  the 
marine  by  Capt.  Bentinck,  after  having  received  some  material 
additions  to  answer  that  service. 

Tlie  linki  of  the  dwin  (fig.  255)  are  eicli  formtd  of  two  long  pkles  of 
iroBy  e  Sf  with  a  hole  at  each  end,  aiod  fixed  together  by  two  bolts,  senring 
as  pins  for  the  joints.  The  buckets  or  saucers  fixed  upon  it  are  two  circular 
plates  of  brass,  gf  with  a  piece  of  leather  between  thim.  The  sprocket- 
iHbeels  for  the  duiin  are  fonned  in  the  same  manner  as  the  trundles  used  in 
miVs,  bv  twn  tron  wheels  fixed  at  ejght  inches  distanos  upon  the  axles,  and 
vnited  by  seToral  round  iron  bolts,  forming  a  rest  for  the  chain;  a»d  its 
links  have  hooks,  6,  which  are  taken  by  these  bolts,  and  thus  the  chain  is 
secured  upon  the  wheel,  to  prevent  it  from  jerking  back  when  charged  with 
a  column  of  water. 

This  pump  was  a  great  improvement  upon  the  old  chain- 
pumps  used  in  ships  before,  in  which  the  chain  was  of  too 
complicated  a  fabric,  and  the  sprocket-wheels  used  to  work 
it  were  deficient,  in  wanting  some  contrivance  to  prevent  the 
chain  from  sliding  or  jerking  back  upon  the  suiface  of  the 
wheel,  which  frequency  happened  when  the  buckets  were 
charged  with  a  considerable  weight  of  water,  or  when  the 
pumps  were  violently  worked.  The  links  were  too  short,  and 
the  awkward  manner  in  which  they  were  connected,  exposed 
them  to  a  great  friction  in  passing  round  the  wheels :  hence 
they  were  sometimes  apt  to  break  or  burst  asunder  in  very 
dangerous  situations,  when  it  was  extremely  difficult  or  im- 
practicable to  repair  the  diain. 

Mr.  Cole's  pump  is  so  constructed,  that  tiie  chain  may 
}>e  easily  taken  up  and  repaired,  when  broken  or  choaked 
with  baUast ;  and  it  discharges  a  much  greater  quantity  of 
water  with  an  inferior  number  of  men,  as  appears  from  a  trial 
of  this  machine  with  the  old  chain-pump,  aboard  the  Seaford 
frigate,  where  it  was  found  that  its  effects,  when  compared 
.with  the  latter,  were  as  follows : — ^The  new  pump  with  four 
men  raised  OQe  ton  of  water  in  43^  seconds,  whUe  the  old 
pump  required  seven  men  to  raise  the  same  quantity  of  water 
in  76  seconds. 

In  this  experiment  the  chain  of  the  new  pump  was  pur- 
posely broken,  and  dropped  into  the  well,  and  afterwards 
taken  up  and  repaired,  and  set  to  work  again  in  two  minutes 
and  a  hidf ;  then  the  lower  wheel  of  the  pump  was.takea  out, 
.to  show  how  readily  it  might  be  cleared  and  refitted  for 
.action,  after  bein^^  choaked  with  sand  or  gravel,  which  could 
be  performed  in  four  or  five  minutes.  These  are  advantagci 
wlucht  with  a  seaman,  have  a  superiojT  lOOQsid^ration.tQ  thrt 
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cf  Increasing  the  quantity  of  water  which  die  machine  will 
raise,  unless  it  was  in  a  considerable  degree ;  and  indeed  the' 
rerjr  best  pumps  will  not  raise  a  much  greater  proportion 
with  the  same  power. 

The  only  alteration  which  has  been  made  on  Mr.  Cole'i 
pomp,  since  its  first  introduction,  near  thirty  years  ago,  is^ 
that  theynow  omit  the  lower  sprocket-wheel  altogether,*  the 
ascending  and  descending  pipes  being  so  united  by  a  curved 
metal  tube,  that  the  cham  passes  better  than  if  a  wheel  wa» 
used.  The  cranks  are  made  to  take  off^  and  apply,  whenr 
wanted,  that  they  may  not  be  in  the  way;  they  are  long 
enough  for  thirty  men  to  work  at  once ;  of  late  it  has  been 
proposed  to  add  fly-wheels  to  them.  This  would  be  attended 
with  but  slight  advantage,  and  several  inconveniences  from 
occupying  that  room  where  the  men  should  stand  to  work,  it 
being  an  object  to  employ  as  many  as  possible ;  but  if  they 
are  crowded,  they  only  inconmiode  each  other  instead  of 
assisting. 

14.  The  following  simple  and  ingenious  method  of  working 
a  ship's  pump,  wheu  the  crew  afe  either  too  few  m  nnnber, 
or  too  much  exhausted  to  attend  to  that  daty  when  the  per- 
formance Im  most  necessary,  namely,  in  a  neavy  gale,  waa 
put  in  practice  with  great  success  by  Capt.  Leslie,  (k  the 
ship  George  and  Susan,  on  a  late  voyage  m>m  Stockholm  to 
North  America.  He  fixed  a  spar  doft,  one  end  of  which 
was  ten  or  twelve  feet  above  the  top  of  his  pumps,  and  the 
other  projected  over  the  stern ;  to  each  end  he  affixed  a  block 
or  pulley.  He  then  fastened  a  rope  to  the  spears  of  the 
pump,  and  after  passing  it  through  both  pullies  along  the 
spar,  dropped  it  into  the  sea  astern.  To  the  rope  he  fiutened 
a  cask  of  1 10  gallons  measurement,  and  containing  60  or  JO 
gallons  of  water.  This  cask  answered  as  a  balance-weight, 
and  every  motion  of  the  ship  froth  the  roll  of  the  sea  nuule 
the  machinery  work.  When  the  stem  descended,  or  when 
a  sea  or  any  agitation  of  water  raised  the  cask,  the  pun^ 
spears  descended  $  and  the  contrary  motion  of  the  ship  raised 
the  spears,  when  the  water  flowed  out.  The  ship  was  cleared 
out  in  four  hours,  and  the  crew  were  of  course  greatly 
relieved. 

15.  Hand-pun^  have  been  constructed  in  great  variety 
for  the  use  of  ships ;  and  as  they  are  of  great  utility,  we  shall 
describe  two  or  three  of  the  best. 

Hie  ingenious  Benjamin  Martin  invented  a  ship's  pump 
with  two  barrels  drawing  from  one  suction-pump,  so  as  to 
raise  a  constant  stream. 
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lliifl  puinp  has  90  much  merit,  tb«t  wa  have  given  ft  aeetion  of  h,  ftg.  2501 
Heie  A  is  the  attctioa«j>ipe,  ooudvctiog  the  vater  from  the  shtp>  bold  tifk 
to  the  pump,  where  it  »  enlarged  to  eommunicate  with  both  barrels  D  P» 
throuffh  the  valves  C  C,  in  the  bottom;  £  E  are  the  pistons  of  the  barrels, 
with  double  valves  in  them ;  they  are  not,  like  other  pistons,  fitted  to  slide' 
in  the  barrels,  but  are  simply  biass  rings,  in  whidi  the  valves  are  fitted,  and 
being  emaUer  Aan  the  bairelf,  have  large  ciimlar  pieces  of  leather  fiied  on 
them,  the  outside  edges  of  which  are  attached  to  the  insides  of  the  pumo* 
barrds;  hence,  when  the  pistons  are  moved  up  and  down,  the  leather  folds 
sufficiently  to  admit  the  motion,  as  is  shown  in  the  figure ;  but  being  close 
all  round,  these  pistons  can  have  no  leakage  or  friction,  and  only  a  s.nall 
resistance  from  the  stiffness  of  the  leather* 

To  hMioBk  the  edges  of  the  leather  pifton  to  the  barrals,  they  are  mtfie^  ij^ 
two  lengths,  an  upper  and  a  lower,  and  the  leather  is  introduced  m  th^ 
joint  between  them,  being  half  ^t,  and  the  pump  kept  together  ^  bars  1 1^ 
fixed  over  the  barrels,  and  bolts  to  press  the  upper  length  of  the  barrels 
down  upon  the  lower.  Both  the  banels  are  included  within  a  box  or  cis-^ 
tern  BB,^fix*dupoo  the  ship's  dedi,  wilh  trunks  L  L,  which  cftfiy  off  the 
water  as  it  runs  over  the  tops  of  the  baneU  into  the  cistern.  Ihe  pump  if 
worked  bv  piston-rods  H  H,  being  united  by  chains  to  a  wheel  K,  the  axle 
of  which  IS  supported  by  standards  from  the  sides  of  the  dstem  B  B,  and 
is  put  in  motion  by  the  double  lever  M,  at  the  end  of  whidi  cross  hmidles 
are  fised  for  several  men  to  woik  at  once.  Mr.  Martin*s  pump  aols  ex- 
trmely  weU;  the  ooutaat  stream  raised  l^  the  alternate  action  of  turp  ' 
banels  upon  one  pipe,  produces  an  advantage  that  was  shown  by  experi- 
ment, for  the  water  not  only  rises  while  the  piston  rises,  but  continues  t& 
do  so  even  after  the  piston  begins  to  descend;  and  tlierefore  the  pump  was 
found  to  deliver  more  water  than  was  expected  from  the  cakulation  of  the 
contents  of  the  baxfel,  and  the  number  of  strokes  made. 

To  account  for  tbis^  it  must  be  considered,  that  as  this 
pump  has  both  its  larspe  pistons  working  (alternately  ascending 
Mid  descending)  at  me  same  time,  there  must  bepcoduced  a 
constant  rising  column  of  water  in  the  pipe,  whose  velocity 
tiifough  a  bore  of  fire  inches,  to  supply  the  barrels  of  twelve 
inches  diameter  each,  must  be  so  great,  that  it  cannot  be 
checked  or  stopped  at  once,  or  upon  the  first  descent  of  the 
piston ;  and  therefore  a  surplus  of  water  is  produced.  Not* 
witlietanding  JJiese  advantages  of  Mr.  Martin's  pump,  it  has 
objections,  which  are  serious  obstacles  to  its  use  on  board 
ships,  though  in  other  situations  it  is  a  good  machine  :  these 
are,  the  shortness  of  its  stroke,  which  rendjcrs  it  very  fatiguiiig' 
for  men  to  work  for  a  long  time ;  but  another  more  aerious 
objection  is,  that  the  leather  woidd,  in  general,  remain  dry^ 
and  thus  become  liable  to  harden  and  grow  stiff,  so  as  to 
break  into  holes  wiien  used  at  fizat,  before  they  become  soaked, 
and  to  fill  the  cistem  first  with  water  would  be  very  trouble** 
some. 

16.  The  latest  improvements  in  hand-pumps  are  by  Capt. 
Jekyl,  R.  N.  This  gentleman  has  mvented  an  addition  to  the 
pump  of  an  air-vessel,  and  stufiBing-box  for  the  rod  to  pasa 


thnni^li,  by  whidi  it  wQI  raise  the  water  to  a  grecter  hdgfat 
than  the  head  of  the  pump ;  and  a  hose  bebg  attached  to  the 
pump-spout,  by  very  simple  means,  the  water  is  conveyed  to 
any  part  of  the  ship,  aad  thrown  in  a  jet  through  a  hose-^pe 
with  great  force,  to  extinguish  fire,  if  such  a  cSbunity  diould 
be&n  a  ship;  and  thus  me  pump  is  rendered  of  twofold  serw 
vice.  Tlie  idea  of  converting  the  pump  to  a  fire-en^^ine  is  not 
new,  having  been  attempted  m  many  diSn^nt  ways  by  forcing- 
pumps  ;  but  these  havmg  p^s  proceeding  from  the  lower 
parts  of  the  barrels  and  valves,  which  are  not  very  accessible, 
are  always  liable  to  choke  up  by  obstructions,  and  have  not 
succeeded  in  general  use.  llie  air-vessel  haa  always  been  in 
the  way,  if  made  of  a  sufficient  size  to  answer  the  purpose  of 
equalizmg  the  stream.  Capt.  Jekyl  has  obviated  these  objec- 
tions, and  without  altering  the  material  parts  of  the  hand- 
pmnp,  has  rendered  it  as  complete  a  fire-engine  as  can  be 


lliis  is  eiplaiiied  by  figan  tST,  whack  is  a  laction  of  the  pump  through 
iU  whole  IcBgth.  A  6C  is  the  iioii  brake  or  lever  to  work  it ;  it  is  brsnched 
to  the  extreme  end,  and  has  a  wooden  pde  C,  fixed  in  it,  ibr  several  men 
to  hold  at  once;  D  is  the  iron  stanchion  or  fulcnun  oi  the  brake;  it  is  fixed 
to  the  pump-head  by  means  of  strong  iron  hoops  at  £  £  and  F  F,  which  at 
the  same  tune  strengthen  the  woik  of  the  pnmp.  The  centre-pin  is  to  be 
at  the  heij^t  of  twofeet  six  inches  above  ^ship's  deck.  H  are  the  slings 
of  the  pump,  united  by  a  ianioek  or  pin  to  the  end  of  the  bnke,  and  sus- 
pending  thepump-epearl,  by  means  ot  the  joint-piece  g,   I  K  is  the  pump- 

rtf,  made  of  copper  in  the  upper  part  I^  and  tbe  lower  length  K  of  iron  ; 
latter  has  the  bucket  M  attacned  to  it  The  yalve  of  the  bucket  is  made 
in  a  very  snnple  and  efieetiTe-manner,  the  valve  being  merely  a  round  plate 
of  Vnaa»  with  a  hole  thioagh  the  oentre»  to  xeeeixe  the  rod  upon  which  it 
nses  and  fiJls,  and  coven  the  ap«rtaxe  in  tbe  bucket.  The  bucket  is  a  riiq^ 
of  brass,  with  a  cross  bar  to  fix  the  rod  in^  it  ii  made  in  two  thicknesses^ 
eae  above  the  other,  and  a  cup  of  leather  is  held  in  between  them,  projecting 
al  hmumI  the  uf[^r  part  of  the  bucket,  and  turning  up,  to  make  a  tidbk 
fittiag^in  the  faBsrel.  The  two  tings  of  the  bucket  are  hcOd  tooether  bv  Urn 
piskmHrod  passing  through  both,  and  a  cross  wedge  beneath.  L  is  the  brais 
chamber  in  which  the  bv^ket  works ;  it  is  well  fitted  into  the  wood  of  the 
pomp-tfee,  so  that  tbe  water  cannot  leak  by  it,  and  is  bored  smooth  withia- 
side. 

N  is  tke  lower  box,  fitted  into  the  lower  part  of  the  pamp-tree,  beneath 
tb9«ba«a|ier ;  it  has  a  groove  round  it,  into  which  oakum  is  placed,  and 
when  it  is  put  down,  makes  a  tight  joint;  its  valve  is  of  the  same  construc- 
tion as  that  of  the  bucket,  with  the  addition  of  a  ring  or  eye  on  the  top  of 
the  pin,  on  which  the  vahre  rises  and  falls.  By  this  eye  the  box  can  be 
drawn  op  when  it  needs  repair,  by  first  drawing  up  the  bucket  of  the  pvnp, 
aad  potliag  an  iron  down  mto  tlus  eye.  O  O  P  is  the  air-vessel ;  tlus  is  a 
cylinder  of  sheet-oo|^r,  soldered  to  a  cover  of  brass;  within  the  centre  of 
it  IS  a  tube  likewise  soldered  to  the  cover,  through  which  the  copper  pump- 
spear  passes,  ahd  is  fitted  round  at  top  with  a  collar  of  leather  and  stuffing. 
To  prevent  the  escape  of  the  water,  it  is  packed  with  hemp,  and  two  rings 
of  leather.     R  shows  the  place  of  two  iron  bars,  fitted  through  ^  head  ot 
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Che  puinpy  aad  confiniog  the  cover  O  O,  of  the  air-vestel ;  they  are  fastenei} 
by  tie  wedges  d;  it  is  by  these  only  that  the  air-vessel  is  held  down;  a  circle 
6f  leather  is  first  put  round  the  air-vessd,  just  beneath  its  lid,  and  this  being 
j>ressed  }Sfon  the  recess  in  the  wood,  makes  the  joint  tight.  T  is  the  piinp« 
node,  which  delivers  the  waten  When  it  is  used  as  a  fire^ngioe,  a  boM 
isjxed  on  by  its  link-joints,  and  keys  or  wedges;  the  no&le  is  fixed  to  the 
pump  by  four  screw-bolts  going  through  the  thickness  of  the  pump,  and  it 
IS  fixed  in  such  a  direction  as  will  most  conveniently  lead  to  a  receiver, 
fig.  258,  which  unites  the  hose  from  all  three  of  the  ship's  pomps. 
.  Fig.  259  is  the  link-joint  of  the  hose,  T  representing  the  pump-sfKmt, 
made  of  east-iron,  and  screwed  to  the  pamp-tree ;  e  « is  the  collar  or  socket, 
made  of  brass,  with  the  hose  X  bound  upon  it ;  this  has  two  tnuilions,  on 
t?hitih  a  link /is  fitted,  one  on  each  side ;  these  links  pass  through  grooves 
in  the  cast-iron  pieoe  T,  and  a  key  g,  put  down  through  the  link  bdiind  it, 
draws  the  joint  tisht,  without  anv  screwing  or  farther  trouble.  The  socket 
e  e  is  fitted  into  the  nozle,  and  has  a  leather  ring  to  make  it  tight.  The 
outside  of  the  pump  is  to  be  hooped  at  every  three  feet,  to  prevent  it  fiom 
bursting  by  the  nressure  of  the  water.  Thd  disposition  of  the  three  hand- 
pumps  in  a  shipS  well,  renders  their  connection  with  a  common  receiver 
very  convenient  to  bring  all  the  water  into  one  stream,  which  will  then  b« 
very  powerful,  and  more  capable  of  extinguishing  a  fire  than  any  movable 
engine. 

Two  hand-pumps  are  always  placed  on  the  starboard  side  of  the  main- 
mast, in  the  well ;  and  one  of  them  being  the  cistern-pump  used  for  washing 
decks,  its  foot  stands  in  a  small  cistern  fixed  upon  the  step  of  the  mainmast, 
and  supplied  with  water  by  a  pipe  through  the  shio's  side^  with  a  cock  to 
admit  it  at  pleasure ;  there  is  one  pump  on  the  larboard  side  of  the  mast. 
Three  separate  hoses  being  united  with  each  of  the  pumps  hj  a  link-joint, 
like  fig.  259,  at  one  end,  and  with  three  necks  kkk,cftL  receiver,  fig.  258, 
by  similar  joints  at  the  other,  brings  all  the  water  into  one,  and  a  hose  being 
Joined  by  a  link-joint,  /,  to  the  opposite  end  of  the  receiver,  conveys  the  whole 
water  to  an^  part  of  the  ship.  The  receiver  has  three  nozles,  kkk,  at  one 
end,  made  m  a  divergent  direction,  agreeable  to  the  direction  in  wtiich  die 
hoses  comefinom  the  three  different  pumps,  and  a  valve  is  plaeed  inskle, 
before  each  hose,  to  open  inwards,  in  order  that  the  receiver  may  be  used 
for  one  or  two  pumps,  whilst  the  others  are  repairing  or  getting  ready,  or 
that  if  any  of  the  hoses  burst,  the  water  may  not  escape  from  the  receiver  at 
the  nozle.  There  are  two  handles  fixed  to  the  receiver,  to  lif^  and  carry  it; 
as  It  is  to  be  movable ;  and  when  in  use,  is  proposed  to  be  Hud  npon  tke 
grating  of  the  main  hatchway,  as  the  most  central  situation,  ^m  whence 
the  hose  may  be  carried  in  any  direction.  Z  is  a  branch-pipe  or  jet,  screwed 
at  the  end  of  tlie  great  hose  X ;  and  it  also  unscrews  at  the  extreme  end,  to 
fit  on  jets  of  diTOrent  bores,  in  the  same  manner  as  all  other  fire-engines. 
In  working,  the  pressure  of  the  water  condenses  the  air  contained  witibia 
the  receiver,  O  6  P,  into  a  small  space,  and  its  reaction  to  resume  its 
former  bulk  equalizes  the  efflux  of  the  water  ham  the  nozle  of  the  pump. 

In  some  experiments  which  we  have  witnessed  upon  thi» 
pump,  it  performed  as  well  as  could  be  desired,  a  single  pump 
forming  a  very  e&ctive  en^ne ;  but  when  the  three  were 
combined,  it  was  superior  in  force  to  any  we  have  ever  8eea« 
and  would  throw  a  sti^am  of  an  inch  m  diameter  over  the 
maintopmast-head  of  a  74-gun  ship. 

Besides  the  length  of  the  handle  C  admitting  several  men  to  work  at 
.once,  an  accession  of  force  is  gained  by  a  rope  n,  made  &st  to  the  brake  A  B^ 


-    AKB   MACHI.N1«T.  37S 

t&d  conducted  through  a  single  bloek  hooked  to  the  deck  at  m,  and  thence 
along  the  ship's  dedc;  at  this  any  number  of  men  may  be  employed 
▼ery  adTantageousIy  to  produce  the  stroke,  leaying  those  at  the  handle  only 
to  return  it  ty  liftiog  the  handle.  If  the  ship  proves  leaky,  and  Uie  stuffing' 
box  is  thought  to  be  an  obstruction  to  the  working  of  the  pump,  the  am* 
vessel  may  be  taken  out  by  drawing  the  wedge  d,  and  taking  out  the  bars  R» 
whidi  confine  it;  then  after  taking  out  the  key  which  connects  the  joint* 
piece  g  with  the  copper  rod,  also  removing  the  brake,  lift  out  the  air-vessel 
oy  the  two  screws  of  the  stuffing-box,  and  fix  on  the  joint-piece  again,  but 
fix  the  guide-eye  H  in  the  lowest  pair  of  holes,  so  that  it  will  receive  Uie  top 
of  the  copper  rod,  and  prevent  the  pump-spear  from  having  any  play  in  the 
alings. 

In  this  state  it  acts  as  a  common  hand-pump  ;  but  the  air* 
ressel  can  be  testored  to  its  place^  and  be  ready  for  work,  id 
two  minutes. 

To  prevent  any  of  the  \^ork  from  being  nedected  from 
carelessness,  the  inventor  proposes  that  one  of  the  pumps 
shidl  be  always  used  to  wash  the  ship  by  the  hme  and  jeH 
every  morning,  which  it  would  do  much  more  effectually  than 
by  the  present  mode  of  raising  the  water  into  buckets :  and 
the  force  with  which  the  jet  of  water  is  thrown  would  very 
completely  wash  into  every  i-ecess  of  the  gun-carriages,  and 
other  places  where  a  brush  cannot  reach ;  while  by  this  con* 
stant  exercise  the  pumps  would  be  always  ready^  at  a  mo- 
ment's notice^  upon  an  alarm  of  fire. 

J  7-  -  Mr.  Robert  Clarke,  of  Sunderland^  has  proposed  a  great 
improvement  in  the  mode  of  applying  men's  force  to  pump- 
ing, which  is  worthy  the  consideration  of  seamen.  It  is  to 
duuage  the  posture  of  standing  to  sitting,  and  making  the, 
aetion  the  same  as  that  of  rowing,  which,  besides  that  it  is 
by  philosophers  considered  as  the  most  efficacious  application 
of  a  man's  force,  it  is  to  seamen  most  particularly  so  from 
their  habitual  practice  of  it.  He  objects  to  the  ordinary 
action  of  pumping  with  a  l)rake,  as  the  posture  is  weak,  and 
requires  much  force  to  preserve  it.  It  oppresses  the  man  by 
overstret<;hing  his  loins,  on  one  side,  and  mcommodes  respira- 
tion by  the  flexure  of  the  body  on  the  other  side.  Too  much 
motion  of  the  shoulder-joint  is  required,  as  the  muscles  which 
act  on  the  arm-bone  at  this  joint  are  disproportionate  to  the 
effort  they  must  make  when  the  arm  vibrates  on  the  shoulder- 
joint  as  a  centre,  for  the  force  to  be  communicated  by  the 
band.  "Be^des  this,  the  arms  themselves  are  at  one  instant 
enfeebled,  by  being  thrown  over  the  head,  and  requiring  a 
pull,  and  the  next  instant  require  a  nushing  effort,  which* 
changes  of  direction  in  the  exertion  and  restrainmg  force  are 
too  continual  and  rapid  for  long  continuance;  in  standing 
the  body  is  a  continued  dead  weight  upon  the  legs. 
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The  action  of  rowing'  is  powerful  to  a  surprising  degree, 
and  so  well  adapted  to  a  man's  ease^  that  he  can  continue  it 
a  greater  length  of  time  without  fatigue  than  any  other  mode 
of  exertion ;  for  though  the  motion  is  large,  it  is  made  up  of 
easy  motions  in  several  joints,  the  velocity  and  resistance 
of  which  suit  the  muscles  employed.  Very  little  sustaining 
force  is  required,  for  the  body  is  supported,  and  returns 
unloaded  to  its  charge :  the  breathing  is  free.  The  manner 
of  carrying  this  into  efifect  is  very  simple,  the  lever  or  brake 
being  bent  at  right  angles  at  a  certain  pin,  so  that  it  hangs 
straight  down  when  it  is  at  rest,  instead  of  being  horizontal ; 
then  to  the  lower  extremity  a  rod  is  jointed,  which  is  carried 
rather  in  an  inclined  direction  upwards  to  the  seaman,  who  is 
seated  before  the  pump  with  a  rest  for  his  feet.  The  rod  has 
a  cross  handle,  to  hold  by  both  hands,  and  in  some  cases  it 
may  be  made  long  enough  for  two  men  to  sit  side  by  side  on 
the  same  seat;  and  by  drawing  and  pushing  it  in  the  same 
laanner  as  rowing,  the  perpendicular  lever  is  caused  to  vibrate,, 
and  the  horizonUd  arm  or  bended  part,  which  suspends  the 
pump«spear,  partakes  of  the  motion  sufficiently  for  pumping. 

18.  M.  de  Bonnard,  speaking  of  the  pistons  of  ptimps,  in 
the  Journal  des  Mines,  states,  that  the  leathers  with  which  the 
external  circumference  of  the  pistons  of  pumps  are  covered, 
are  quickly  worn  out  by  the  continual  friction  which  they 
undergo,  and  the  renewing  of  them  is  an  object  of  considenible 
expense  in  large  mining  undertakings. 

JThey  have  therefore  used  in  Saxony,  for  some  years  past, 
pistons  without  these  external  leathers  in  sucking-pumps, 
and  to  render  the  upper  part  of  the  piston  elastic,  by  com- 
posing it  of  pieces  of  wood,  which  expand  or  open  when  the 
piston  rises,  and  close  when  it  descends. 

To  obiain  this  effect,  the  part  of  the  'piston  which  forms  a  bucket,  is 
composed  of  a  system  of  small  movable  pieces  of  wood  a  a  a,  figures  260 
and  261',  cut  obliquely,  and  disposed  so  as  to  coTer  each  other  nearly  half 
Iheir  breadth ;  a  leather  which  covers  the  upper  sur&ce  of  each  of  tbiat 
pieoes,  serves  to  sustain  them,  and  yet  allow  them  sufficient  play.  To  th» 
iiodec  part  of  the  same,  pieces  of  leather  are  attached,  which  aflbrd  them  all 
the  elasticity  that  is  necessary.  These  leathers  are  received  into  slits  that 
are  cut  round  the  piston,  and  directed  obliquely  to  its  edges ;  they  are  fixed 
to  the  pieces  of  wood  by  nails,  the  extremities  of  which  correspond  with  tlie 
notches  c'cr,.  and  to  the  edges  of  the  solid  part  of  the  piston  ny  the  screws 
idd.  By  this  disposition  each  piece  of  wood  is  movable  upon  a  son  of 
horizontal  hinge,  and  when  the  piston  is  raised,  the  weight  of  the  wat^  with 
which  it  is  charged,  by  0|>enins  all  these  pieces,  causes  them  to  press  one 
against  the  other,  and  against  the  sides  r  r  of  the  barrel  of  the  pump,  so  «s 
not  to.  let  any  of  the  water  escape,  and  to  produce  completdy  the  effect  orf 
a  pi.^lon  furnished  with  leatlier.    The  interior  edges  of  each  of  the  joints  of 
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the  movable  pieces  are  covered  two  by  two  with  leather,  at  it  e«^,  fig.  261^ 
upon  which  the  wei^^ht  of  the  water  acts  as  upon  the  pieees  themselves. 

All  these  leathers  last  a  very  long  time^  as  well  as  those  of 
the  suckers^  because  they  are  not  exposed  to  any  friction^ 
wfaidi  only  acts  upon  the  moyable  pieces  of  wood.  When 
the  piston  descends^  the  water  that  raises  the  suckers  finds 
an  easy  passage,  without  filtering  between  the  piston  and  the 
interior  of  the  barrel  of  the  pump  ;  an  effect  which  has  this 
additional  convenience,  that  no  dirt  can  be  introduced  into 
the  joints^  which  might  afterwards  prevent  the  perfect  contact 
of  the  different  pieces. 

In  1806,  these  pistons  were  tried  in  several  mines  ift  Saxonyy 
and  were  found  very  satis&ctory.  It  was  only  observed  that 
there  was  some  inconvenience  attending  the  use  of  them  wherer 
the  wells  were  much  inclined ;  as  the  pressure  of  the  water 
above  not  being  equal  upon  all  the  movable  pieces  of  the 
piston,  those  that  were  least  pressed  upon  let  some  of  the 
water  pass  between  them,  lliese  inconveniences  however 
exist  only  in  the  ordinary  pistons^ 

In  some  departments  pistons  with  springs  are  sometimes 
used,  which  are  composed  of  movable  rubbing-pieces,  that 
are  substituted  for  the  leathers  that  are  ordinamy  employed. 
We  know  that  these  pistons  are  used  with  advantage  in  the 
cylinders  of  some  blowing-engines ;  but  in  these  pistons  the 
rubMng-pieces  are  constantly  forced  against  the  interior  sur* 
&ce  of  the  cylinder  by  the  springs 

In  the  piston  with  the  flexible  crown  of  wood,  which 
M.  Bonnard  has  described,  the  movable  pieces  of  wood  that 
compose  it  do  not  rub  against  the  interior  surface  of  tlie 
barrel  of  the  pump,  except  when  the  piston  ascends,  being 
then  pushed  by  the  weight  of  the  column  of  water  that  is 
raised,  and  they  scarcely  rub  at  all  against  the  surface  when 
the  piston  descends.  This  peculiar  effect  assimilates  this 
.  piston  with  those  that  have  a  flexible  crown  of  leather,  or 
a  backet,  and  gives  it  a  decided  advantage  over  pistons  with 
springs  and  cushions.  In  other  departments  pistons  with 
springs  are  sometimes  used,  which  move  in  cylinders  of 
cast-iron. 

Thne  pistons  are  composed  of  four  pieces  of  bran,  a  as  a,  figures  862 
and  aS3»  which  are  each  about  three  centimetres  in  height  and  thid»ess, 
aad  tie  poshed  horizontally  by  two  springs,  bbbb.  Those  pieces,  which 
we  Shan  call  quadrants,  in  oider  that  none  of  the  air  may  escape  when  th<gr 
play  nnder  the  inequalities  of  the  cylinder  in  which  they  rise  and  desbena, 
ave  each  of  them  something  longer  dian  a  quarter  of  the  circumference  ci 
the  cylinder,  and  towards  the  eitremities  they  are  reduced  to  half  the 
thickness. 

By  this  means,  these  quadrauts  are  perfectly  covered  at  the  extremities, 

t2 
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and  prevent  the  passage  of  the  air  in  a  horizontal  direction,  while  the  spitngs 
bbbb  prevent  its  passage  vertieally^ 

In  conclusion  we  shall  obseire,  that  these  pistons,  perfectly 
joined,  have  been  proved  to  be  proper  for  driving  air  with 
great  foree.  We  snail  likewise  observe,  that  the  quadrants 
aaaa  being  made  of  brass,  and  rubbing  against  cast-iron, 
ought  to  last  a  very  long  time ;  consequently,  the  blowing 
here  mentioned  have  the  advantage  of  not  requiring  frequent 
repairs. 

19.  The  following  piston,  described  and  recommended  by 
Belidor,  seems  as  perfect  as  the  nature  of  things  will  allow. 
We  shidl  therefore  describe  it  in  the  author's  own  words,  as 
a  model  which  may  be  adopted  with  confidence  in  the  greatest 
works. 

**  Tab  body  of  the  piston  is  a  truncMed  metal  cone,  (fig.  264,)  having 
a  small  fillet  at  the  greater  end.  Fig.  265  shows  tlie  profile,  and  fi^.  26& 
the  plan  of  its  upper  base,  where  ap^rs  a  cross-bar  D  D,^  tierced  "with  an 
oblong  mortise  £  for  receiving  the  tail  of  the  piston-rod.  A  band  of  thidt 
and  uniform  leather  A  A  (figs.  265  and  267)  is  put  roond  this  cone,  and 
secured  by  a  brass  hoop  B  B,  firmly  driyen  on  its  smaller  end,  where  it  is 
previously  made  thinner  to  give  room  for  the  hoop. 

'<  This  piston  is  covered  with  a  leather  valve,  fortified  with  metal  plates  G  G 
(fig.  268.)  These  plates  are  wider  than  the  hole  of  the  piston,  so  as  to  rest 
on  its  rim.  There  are  similar  plates  below  the  leathers,  of  a  smaller  stse^  that 
they  may  tto  into  the  hollow  of  the  piston ;  and  the  leather  is  firmly  held 
between  the  metal  plates  by  screws  H  H,  which  go  through  all.  tbis  is 
represented  by  the  dotted  circle  J  K.  Thus  the  pressure  of  the  incumbent 
column  of  water  is  supported  by  the  plates  G  G,  whose  circular  edges  rest 
on  the  brim  of  the  water-way,  and  thus  straight  edges  rest  on  the  cross-bar 
D  D  of  figs.  265  and  266.  Th\a  valve  is  laid  on  the  top  of  the  conieal  box 
in  such  a  manner  that  its  middle  F  P  rests  on  the  cross-bar.  To  bind  alt 
together,  the  end  of  the  piston-rod  is  formed  like  a  cross,  and  the  arms  MN 
(fig.  269)  are  made  to  rest  on  the  diameter  F  F  of  the  valve,  the  tail  £  F 
going  throuffh  the  hole  £  in  the  middle  of  the  leather,  and  through  the 
mortise  £  of  the  cross-bar  of  the  box,  as  well  as  through  another  bar,  Q  R^ 
(figs.  267  and  268,)  which  is  notched  into  the  lower  brim  of  the  box.  A  key 
V  is.  then  driven  into  the  hole  I,  in  the  piston-rod ;  and  thb  w«dges  all  hst. 
The  bar  Q  ^  is  nmde  strong ;  and  its  extremities  project  a  little,  so  as  to 
support  the  brass  hoop  B  B,  which  binds  the  leather  band  to  the  piston-box.**' 

This  piston  has  every  advantage  of  strength^  tightness^  aidd 
large  water-way.  The  form  of  the  .valve  (which  has  given  it 
the  name  of  the  butier/fy-^valve)  is  extremely  £Etvourable  to 
the  passage  of  the  water ;  and  as  it  has  tint  half  the  motion^ 
of  a  (Complete  circular  valve,  less  water  goes  back  while  it  i» 
•huttings 
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FIRB-SNGINES. 

Whbn  fire  breaks  out  in  a  crowded  neighbourhood,  it  car- 
nes  with  it  sach  derastatiiig  effects,  that  any  individual  who 
has  seriously  turned  his  attention  to  the  constructing  of  an 
engine  that  is  in  the  least  calculated  to  check  its  progress, 
roust  erer  be  considered  iis  deserving  of  our  praise.  Those 
who  have  most  beneficially  directed  ^eir  attention  this  way 
are  Meisvs.  Newsham  and  Rowntree,  whose  engines  we  shaU 
now  ptOceed  to  describe. 

1.  A  perspective  view  of  Mr.  Newshaoi's  fire*engine^  ready 
for  woriuDg,  Is  represented  in  fig.  27Q« 

It  toMita  of  a  cisteni  A  B^  slMUt  tkree  times  as  long  as  it  is  bcoad^ 
made  of  thiGk  oaken  planks,  the  joints  of  whieh«re  lined  with  sheet  copper, 
and  easfly  movti^le  by  means  of  a  nole  and  eroas-liaf  Cm,  the  fore  pert  of 
the  engine,  which  is  so  eontriToa  as  to  slip  back  trader  the  oovei  of  the 
<cisteni  and  on  four  solid  wheels^  two  of  which  are  seen  at  D  and  B.  The 
bind  axte-tree,  to  which  the  wheel  £  and  its  opposite  are  ftsed,  is  ihstened 
across  \dider  ike  bottom  of  the  cistern;  bat  the  fore  aklo-tree^  bearing  the 
wheel  D,  &c.  is  put  on  a  strong  pin  or  bolt,  strong^ly  festened-  m  a'  hori- 
sonfal  sitoatkm  in  the  nuddle  of  me  front  of  the  bottom  of  die  cistern,  by 
which  eontrivanoe  the  two  fore-wheels  and  die  axle-tree  have  acircular 
motion  ioand  the  bolt,  so  that  the  engine  may  stand  za  £rm  on  rough  or 
sloping  ground  as  if  it  were  le?cl. 

Upon  the  ground  next  to  die  hind  part  of  the  engifae  may  be  seen  a 
leather  pipe  P«  one  end  of  which  may  be  screwed  on  and  off  upon  occa- 
sion  to  4  brass  cock  at  the  lower  end  of  the  ^cistern ;  tiie  other  end  is 
immersed  in  water,  supplied  by  a  pond,  firehplug,  Ub.  and  the  pipe 
-  becomes  a  saeklng-pnpe  K>r  fbrnii^ing  tiie  pump  of  tnte  engine  by  its  worx- 
ingy  without  pouring  water  into  t^e  cistern.  To  the  hind  part  of  the  cistern 
is  fiimished  a  tfooden  trough  G,  with  a  copper'  grate  for  >keeping  out 
stones»  sandj  and  dirt,  through  which  the  cSstem  i»  Mippliod  with  water 
when  the  suckin^pipe  cannot  bo  used.  The  fore  part  of  the  cistern  is 
also  sepaialted  fi^m  tlie  rest  of  its.catity  by  another  capper  gratC)  tteou^^ 
whidi  water  may  be  poured  into  the  cistern.  Those  that  work  tho  pottpt 
of  this  eagiaenuMre  the  handle,  visible  at  the  lo»g  sfder^i  up  and  down,  and 
m  assistdl  by  oAers  who  stand  on  two  suspended  treadles,  -throwtiig  the4ir 
wei^t  alteniatdy  upon  eaoh  of  them^  and  keeping  themselves  steady,  by 
taking  hold  of  twonmnd  horizontal  raHs  HI,  framed  into  four  Tortied 
stands  which  reach  the  bottom  of  the  cistern,  and  are  well  secuitsd  to  its  sidea. 
Over  the  hind  trooch  theie  is  an  iron  handle  or  key  K,  serving  to  open 
or  fimt  a- code  placed  under  it  on  the  bottom  of  the  cistern,  the  nse  of 
whidi  we  riiaU  explatn  in  the  sequel  of  this  artide.  L  is  an  inserted 
fyiVBBidal  case  vAwA  pres^rttes  the  pomps  and  aii^vessels  from  damage, 
and  also  supports  a  woOdetf  frame  M,  on  which  stands  a  man,  who,  by 
raising  or  depressing,  and  turning  about  t^e  spout  N,  directs  the  stream  of 
water  as  occasion  lequires.  This  spout  is  made  of  two  pieces  of  brass  pipe, 
eadi  of  which  has  an  elboW;  the  lower  is  screwed  o?er  the  upper  end  F, 
(fig.  Vrty)  of  the  ptt>e  diat  goes'  through  the  air-yessel,  and  the  upper  part 
screws  on  to  the  lower  by  a  screw  of  seTcral  threads,  so  -truly  turned  as  to 
be  water-tight  in  etery  direction.  The  conic  form  of  the  spouting  pipe 
senres  for  wiredrawliig  the  water  in  its  passage  through  it,  which  oocasiona 
yS  frictkm  tliat  ptodiices  such  a  velocity  of  the  jet  as  to  render  it  capable  4f 
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breaking  windows,  &c.  whilst  the  yalves  and  leather  pipes  of  the  engine 
liave  sufficient  .wateii-iray  to  supply  the  jet  in  its  greatest  velocitv.  Leather 
pipes  of  considerable  length  may  be  screwed  at  one  end  of  we  node  of 
4he  engine,  and  fiimished  at  oHe  end- with  a  wooden  or  brass  pipe  finr 
lading  the  water  into  the  inner  parU  of  houses. 

Between  the  jmrramid-box  h,  and  the  fore  end  of  the  engine,  there  is  a 
strong  iron  bar  O,  lying  in  a  horizontal  position  over  the  middle  of  the 
cistern,  and  playing  in  brasses  supportea  by  two  wooden  stands ;  one  of 
which,  P,  is  placed  between  the  two  fore  stands  of  the  upper  rails,  and  the 
.other  is  hid  m  \he  endosttre  over  the  hind  part.  Upon  proper  squares  <tf 
this  bar  are  fitted,  one  near  each  end,  two  stiopg  br^ss  bars,  which  take  hold 
joi  the  U^g  wQoden  cylindrical  handles,  by  means"  of  which  the  engine  is 
worked ;  and  tiie  treadles  by  which  they  are  assisted  are  suspended  at  each 
end  by  chains  in  the  form  of  a  watoh-chain,  and  reoei?e  their  motion  jointly 
with  the  iiandles,  that  are  on  the  same  side,  by  means  of  two  circular 
sectors  of  iron  listened  together,  and  fixed  upon  proper  squares  of  the 
mkldle  horisoutal  bar ;  the  two  fore  ones  may  be  seen  at  Q ;  the  two  hind 
/mes,  represented  upon  a  large  scale  in  fiff.  272,  differ  from  the  former  only 
in  thickness,  for  the  fore  sectois  are  made  to  carry  only  one  chain  each, 
fastened  by  one  end  to  their  upper  part,  and  by  the  lower  end  to  the 
Ireadtes ;  whereas  the  sole  of  the  two  nind  sectors  is  wide  enough  to  carry 
iwo  chains  each ;  one  set  listened  like  those  of  the  fore  ones  for  the  motioa 
^f  the  treiidles ;  and  the  other  two  chains  are  fastened  by  their  lower  ends 
to  the  lower  part  of  these  sectors,  and  hy  their  upper  ends  to  the  top  of 
4he  piston-bars,  in  order  to  give  Uiem  motion.  See  fig.  271,  in  which  the 
hind  sectors  and  their  apparatus  are  represented  as  the}r  would  apnear  to  % 
|>enoii  staodilig  between  th«  two  tore  wheels,  and  looking  at  the  hind  part 
pf  the  engine, 

The  square  over  the  letter  A  is  the  section  of  the  middle  bar,  on  which, 
fight  over  tlie  two  barrels,  are  placed  the  two  sectors  QC  A  and  DBA, 
ibrged  together.  FGHK  and  fgkk^xe  the  two  piston-rods;  and  the  . 
ppenings  between  the  letters  G  U  and  ^  A,  are  the  spaces  through  whiob 
ihe  hind  parts  of  the  two  treadles  pass.  •  L  and  M  represent  two  strong 
^tuds,  rivetted  on  tlie  other  side  of  the  bars  on  which  they  are  placed ;  and 
$o  iMch  ^f  Ihese  is  fosteped  a  chain  like  a  watch-chain,  and  fixed  by  their 
japper^nds  to  the  upper  extnemitiesDand  U  of  the  iron  sectors,  by  which 
>hey  are  drawn  up  and  do.wo  alternately.  Diese  sectors  give  also  an  alternate 
jDotion  up  and  down  to  the  pistoprvods,  by  meajos  of  two  othor  chains  less 
ivhito  in  ^  figutie,  ip  order  to  distinguish  them  from  the  pthers;  these  an 
iastened  by  jth^r  Lower  ends  to  the  lower  extremities  of  the  sectors  £  and 
jC,  and  their  upper  ends,  terminating  io  a  Qoal^  screw,  aijs  ^iaje  tight  to  the 
pistoviripds  atFand/,  by  two  nuts. 

The  shape  of  the  pistoQ-rods,  and  the  siye  and  SAtuat|pn  of  the  chains 
;that  give  them  motion,  ane  so  contrived,  tha^  the  vertical  axis  of  the  pistons 
jB  exactly  in  the  loiddle  of  the  br^th  of  the  perpendicular  part  of  the 
/chains,  and  the  upper  paijt  of  the  piston-rod  taken  together.  P  Q  repre- 
sents one  of  the  two  cross-bars  through  the  epds  of  which  pass  the  hoodies 
.to  which  the  mea  apply  their  hands  when  they  work  th^  engine ;  these 
/cross4>ars  are  fitted  qijl  the  middle  bar  at  some  distance  froju  tlie  sectors. 

The  other  parts  of  tliis  useful  epgine  may  be  .understood  by  the  help  o£ 
^f '  ^^^!  which  represents  a  vertical  section  taken  through  the  middle  Tii>e 
pf  the  hind  part  of  .U)e  engine,  as  also  the  section  of  the  air-vessel,  and  fi^^t- 
/of  t»ne  of  the  barrels,  and  likewise  the  profijtes  of  the  hind  sectors,  aiftd 
several  other  paits.  A  Bis  the  section  ot  the  bottom  of  the  cistern,  aiidl 
P  that  of  the  hindmopt  axle-tree.    DE  b  the  yertical  s«ption  of  »  sir<>D|^ 
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piece  of  cast  brass  or  hard  metal,  so  irorked  as  to  have  a  hollow  io  it, 
represented  by  the  white  part,  and  fixed  to  the  bottom  of  the  cistern;  this 
reaches  from  the  opening  D,  through  the  cock  W,  and  afterwards  divides 
itself  into  two  branches,  so  as  to  open  under  the  two  barrels;  one  of  these 
branches  is  exhibited  in  the  figure,  and  the  other  is  esaetly  behind  4his. 
Tbrough  this  channel,  whidi  may  be  called  the  sudcing-piece,  water  is  con- 
reyed  to  the  pumps  by  the  pressure  of  the  atmosphere,  either  fiom  the 
cistern  itself,  or  mm  any  place  at  a  distance,  by  means  of  the  leather  pipe 
1^,  fig.  273,  whidi  screws  on  to  the  suddng-pieoe  at  D,  fig.  271,  under  t&e 
hind  trough  Z,  the  grate  of  which  is  represented  by  the  horizontal  strokes^ 
F  G  represents  the  Tcrtical  section  of  another  piece  of  ca^t  brass  or  haid 
xneta),  that  may  be  called  the  communication-piece,  having  two  hollows  for 
conveying  the  water  from  under  the  pistons  to  the  two  openings  of  the 
fianch  of  the  air-vessel ;  one  of  these  hollows  appears  in  6ie  figure ;  the  other 
lies  exactly  behind  tliis,  though  not  in  a  parallel  direction.  Between  the 
section  of  the  sucking-piece  D  £,  and  that  of  the  communication-piece  F  Gv 
may  be  observed  the  section  of  one  of  the  plates  of  leather,  whidi  makes 
all  ti^t,  and  lonns  one  of  the  two  suckin^valves,  of  which  there  is  another 
just  behind  this,  under  the  other  barrel.  R  S T  is  the  section  of  the  copper 
air-vessel,  and  TV  that  of  the  conduit-pipe;  this  vessel  is  screwed  on  to 
the  hind  part  of  the  communication-piece,  and  at  top  is  fastened  by  a  collar 
of  iron  to  a  cross  piece  of  timber. 

Between  the  flandi  of  the  ai^•veflsel  and  the  commmication-piece,  may 
be  observed  the  section  of  one  of  the  plates  of  leather,  making  all  tight, 
and  saewing  <me  of  the  two  forcing  valves,  of  which  there  is  another  just 
behind  this,  exactly  over  the  other  opening  of  the  communication  from  the 
air-resseK  These  valves  are  loaded  with  a  lump  of  castf-iron  or  lead,  having 
a  tail  or  teat  let  through  the  flan  of  the  valve,  aad  cross  pimoned  under  it : 
and  it  is  to  be  obserred,  that  though  both  the  valves  are  represented  open 
in  the  figure,  they  are  never  both  open  at  the  same  time;  for  when  the 
engine  is  not  at  work,  they  are  closed  down  by  the  weights  on  their  upper 
sumces;^  and  when  the  engine  works,  two  are  shut,  and  the  other  two  are 
ahematel^  opened  by  the  motion  of  the  pistons  and  the  action  of  the  atmc^ 
s^re,  togeuer  with  the  reaistTon  <^  the  air  contained  in  the  air-vessel. 

H  I  is  uie  section  of  ope  of  the  bairels  of  the  two  pumps,  which  are  both 
sucking  and  forcing;  as  is  evident  from  the  position  of  tne  valves  and  the 
structure  of  t£e  pistons,  each  of  which  is  composed  of  two  iron  plates,  cf 
two  wooden  trenchers,  and  of  two  flat  pieces  of  leather  turning  one  up  and 
the  other  down.  LK  represenU  one  of  the  pistoiHiods  edgewise,  behind 
which  is  one  of  the  chams,  the  top  screw  of  which,  K,  can  only  be  seei|. 
M  is  the  end  of  the  middle  bar,  and  N  a  section  of  the  hindmost  of  the  two 
middle  stands  which  support  the  middle  bar.  O  represents  the  end  of  the 
profile  of  one  of  the  treadles,  passing  through  the  rectangular  holes  of  the 
piston-rods,  as  in  fig.  273.  The  weignt  on  £eae  treadles  brings  them  and 
the  piston-rods  down  alternately,  aud  they  are  raised  up  again  by  the  help 
of  the  other  set  of  chains,  one  of  whidi  may  be  seen  edgewise  in  this  .figure, 
placed  on  the  sole  of  one  of  the  sectors,  fcc.  see  fig.  272.      ^ 

PQ  is  part  of  the  cross-bars  whidi  carry  the  handles,  seen  edgewise, 
and  X  Y  represents  an  iron  handle,  by  the  help  of  which  the  cock  W  may  i)e 
placed  in  the  several  situations  requisite  for  the  use  of  the  engine.  The 
mechanism  may  be  understood  by  figs«  275,  276,  and  277,  which  represent 
the  horisontal  section  of  it,  in  three  difiere^t  situations.  It  has  thme  holes, 
which  are  left  white  in  these  figures.  In  fig.  275,  the  position  of  the  cock 
if  represented  when  the  handles  X  Y  or  K  are  in  a  direction  parallel  to  D  Ej  . 
or  to  the  middle  bar,  as  in  figs.  {K70  and  271.  In  this  position  the  water 
fupplicd  by  the  sucking-piece  enters  at  D,  and  proceeds  directly  through 
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the  cock  W  to  the  mlve  under  the  two  pistons ;  tind  there  is  now  no  ooni> 
muaication  from  the  barrel  with  the  carit^  of  the  cistern. 

In  fig.  276,  we  have  the  position  of  a  cock  when  the  handle  X  Y  is  turned 
one  quarter  of  a  revolution  towards  the  e^e  from  the  last-mentioned  situaJ 
tion,  in  which  case  there  is  no  communication  from  the  barrels  with  the 
outer  extremity  of  the  suckin^piecey  but  the  ^ater  poured  iqto  the  fore  and 
hind  trough^  and  passing  from  ihence  ii^  the  cavity  of  the  cistern,  enters 
Xhe  cock  sideways  at  W,  and  turning  at  rig^t  angles  through  the  cock 
towards  E,  proceeds  to  the  barrels  of  t&  pumps.  Fig.  277*  represents  the 
cock  W  when  the  handle  js  placed  diametrically  opposite  to  its  last  situa- 
tiooy  in  which  case  there  is  no  communication  from  the  under  side  of  the 
barrels  with  the  cavity  of  the  cistern  or  the  outward  end  of  the  sucking-^iece ; 
but  this  situation  affords  a  oommunication  from  the  cavity  of  the  eistem 
with  the  .outside  of  the  engine^  end  the  water  left  in  the  cavity  of  the 
cistern  ma^  by  this  means  be  employed  when  the  engine  has  done  working. 
These  enguws  are  qoade  of  five  or  six  different  si^es. 

Tbe  principles  on  which  this  engine  acts^  so  as  to  produce 
a  continued  stream,  are  obvious :  tiie  water  being  driven  into 
the  air-vessel,  as  in  the  operation  of  common  sucking  an4 
Ibrcing  pumns^  will  compress  the  air  contained  in  it^  apd 
proportionably  increase  its  spring,  since  the  force  of  the 
air's  spring  will  be  always  inversely  as  the  space  whidh  it 
possesses ;  therefore  when  the  {dr-vessel  is  half  filled  with 
water,  the  spring  of  the  included  air,  which  in  its  original 
state  counterbalanced  the  pressure  of  the  atmosphere,  being 
now  compressed  into  half  the  space,  vriU  be  equal  to  twice 
the  pressure  of  the  atmosphere;  and  by  its  action  on  ihe 
subjacent  water  wUl  cause  it  to  rise  through  the  conduit* 
pipe,  and  plav  a  jet  of  32  or  33  feet  high,  abating  the  effect 
of  friction.  When  the  air-vessel  is  two-thirds  fiUl  qf  water, 
the  space  which  the  air  occupies  is  only  one-third  of  its  fin^ 
space ;  therefore  its  spring  being  three  times  as  great  as  that 
of  the  common  idr,  will  project  the  water  with  twice  the 
force  of  the  atmosphere,  or  to  the  height  of  64  or  66  feet. 
In  the  sam<s  manner  when  the  air-vessel  is  three-fourths  fiiU 
of  water  jthe  aur  I'Hli  be  compressed  into  one-fourth  of  it« 
ori^na],  space,  and  cause  the  water  to  ascend  in  air  with  the 
force  of  three  atmosjpheres,  or  to  the  bright  of  9Q  or  99  feet, 
&c,  aa  in  the  follQwmg  table : 
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S«  The  •fireHei^ne  by  Rowntree  is  a  double  force-pumpy 
of  a  peculiar  construction,  similar  in  its  action  to  Uie  beer* 
engine^  but  as  it  is  on  a  much  larger  scale^  its  constructions 
are  of  course  varied. 

In  this  engine,  figs.  278  tnd  279  aoe  two  etevationt  at  right  angles  to 
each  other,  of  the  eitenial  p«rt  of  the  en^ne,  m6uDted  on  four  wheels. 
Tigs.  280  and  281  ^oe  two  aections  perpendicolar  to  each  other  of  tlie  body 
of  the  engine  or  pomp;  figs.  282  ukI  283  are  parts  of  the  engine.  The 
same  letters  are  nsed  as  fiur  as  they  ap)>ly  in  all  the  fignies;  A  A  A  A 
figs.  280  and  281,  is  a  oast-iion  cylinder  truly  bored,  10  inches  diameter 
and  15  long,  and  haring  a  flanch  at  each  end  whereon  to  screw  two  oovets^ 
with  stuffing-boxes  a  a,  in  their  centres,  through  which  the  spindle,  B  B,  of 
the  engine  passes,  and  being  tight  packed  with  hemp  round  the  ooUar, 
makes  a  tight  joint;  tfie  pistoii  D  is  affixed  to  the  spindle  within  this 
cylinder,  and  fits  it  tight  all  round  by  means  of  leathers;  at  E,  fig.  281,  a 
partition,  called  a  saddle,  is  fixed  in  the  cylinder,  and  fits  against  the  back 
of  the  spindle  tight  by  a  leather. 

We  Mve  now  a  cylinder,  dirided  by  the  saddle  £  and  piston  into 
two  parta^  whose  capacity  can  be  increased  and  diminished  by  moving  the 
piston,  with  proper  passages  and  valves  to  bring  and  convey  the  water; 
tlMS  wiQ  Ibrm  a  punm.  These  passages  are  cast  in  one  piece  with  the 
cylinder :  one^  dj  for  biingping  the  water,  is  square,  and  extends  abom 
one-third  round  the  cylinder ;  it  connects  at  bottom  with  a  pipe  e  ;  at  its 
two  upper  ends  it  opens  into  two  large  chambers  fg,  extending  near  die 
whole  length  of  the  cylinder,  and  closed  by  covers,  k  A,  screwed  on;  t  Jk  are 
square  openings  (shown  by  dotted  squares  in  fig.  280)  in  tbe  cylinder 
communicating  with  the  chamben ;  i  «  in  /  ^  are  two  valves  dosme  the 
ends  of  the  curved  passage  d,  and  preventing  any  water  returning  down 
ihe  passage  d;  no9ie  two  passages  fi^m  the  top  of  the  cylinder  to  convey 
away  the  water ;  they  come  out  in  the  top  of  the  cylinder,  which,  together 
with  the  t<^  of  the  chambers  fg^  fi>rm  a  flat  surface,  and  are  covered  by 
two  valves,  p,  q,  to  retain  the  vrater  which  has  passed  through  them.  A 
chamber,  K,  is  savwed  over  these  vahres,  and  has  the  air-vessel  A,  figs.  278 
wad  270,  sue  wed  into  its  top;  fipom  each  side  of  the  chamber  a  pipe,  ww, 
piooeedi,  to  which  ahose  is  screwed,  as  shown  in  fig.  280.  Levers,  :gm, 
are  fixed  to  tiie  spindle  at  each  end,  as  shown  in  fig.  279,  and  oany  the 
handles  H  H,  by  which  men  work  the  engine.  When  the  piston  moves^ 
as  shown  by  the  asrow  in  fig.  281»  it  produces  a  vacuum  in  the  chamber  f^ 
ad  that  past  of  the  cylinder  contiguous  to  it,  the  vra^r  in  the  pipe  e  tha^ 
opens  the  valve  m,  ana  ffils  the  cylinder.  ^ 

The  same  motion  finoes  the  water  contained  in  the  other  part  of  the 
cyfinder  through  the  vaWe  q,  mto  the  chamber  K,  and  thence  to  the  hose 
tinoagli  tiie  pipe  wf  the  piston  being  turned  the  other  way  reverMs  the 
•pentfton  with  respect  to  the  valves,  though  it  continues  the  same  in  itself. 
Ine  pipe  e  is  screwed  by  a  flanch  to  an  upright  pipe  P,  fig.  282,  ooDr 
nedad  with  another  square  iron  pipe,  ftstened  along  the  bottom  of  the 


t  of  the  engine;  a  curved  brass  tube,  O,  comes  fiM>m  this  pipe  throng 
the  end  of  the  dsest,  and  is  cut  into  a  screw  to  fit  on  the  sactioo-hoee 
«rhen  it  can  be  used;  at  other  times  a  dose  cap  is  screwed  on,  and  inftthur 
inass  ciq>  at  H,  within  the  chest,  is  screwed  upwards  on  its  socket^  to  open 
several  small  holis  in  it,  and  allow  the  water  to  enter  into  the  pipe;  in  this 
case  the  engine-chest  must  be  kept  fuli  of  water  by  buckets.  Vm  valves 
are  made  of  brass  and  turn  upon  hinges.  Tlie  principal  advantage  of 
She  engine  b  the  facility  with  which  it  is  cleared  iromany  saiid»  gmWy 
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or  other  obstruetiMs,  whieh  a  ilre-engiiie  inll  always  gather  what  at 
woriu 

The  chambers/^  being  so  lorse,  aUow' sufficient  room  to  lodge  a  greater 
quantity  of  dirt  thaui  is  likely  to  be  accumulated  in  the  use  of  the  engine  at 
any  one  fire,  and  if  any  of  it  accidentally  falls  into  the  cylinder,  it  is  gently 
Umd  out  again  into  the  chambers,  by  the  piston,  without  being  any  obstruo* 
tion  to  its  motion ;  to  clear  the  engine  from  the  dirt,  two  circular  plates  of 
ftre  inches  diameter,  are  unscreweid  from  the  lids  kk^  of  the  chambers  fg, 
and  when  cleaned  are  screwed  on  again;  these  screw-coTera  fit  perf(^y 
tight  without  leather,  and  can  be  taken  oul^  the  engine  cleared,  and  enclosed 
again  in  a  very  short  time,  eiren  when  the  engine  is  in  use,  if  found 


The  two  upper  valves  pq,  and  cliamber  K,  can  also  be  cleaned  with 
equal  ease,  by  screwing  out  the  air-vessd  iki^'fig.  278,  which  opens  an 
aperture  of  five  inches,  and  fits  air-tight,  without  leather,  when  closed. 
Ine  valve  may  be  repaired  through  ,the  same  openings.  The  use  of  the 
air-vessel,  k  i,  figs.  278  and  279,  is  to  equalise  the  jet  from  the  engine 
during  the  short  intermittance  of  motion  at  the  return  of  the  piston-str^e ; 
this  it  does  by  the  elasticity  of  the  compressed  air  wiUiin  it,  which  forces 
the  water  out  continually,  though  not  supplied  quite  regularly  from  the 
engine. 

The  engine  from  which  the  drawing  was  taken,  was  con* 
structcd  for  the  Sun  Fire  Insurance  Company,  in  London,  and 
from  some  experiments  made  by  their  agent^  Mr.  Samuel 
Hubert,  appears  to  answer  every  purpose. 


JACKS. 

Thb  jacks  which  we  purpose  here  to  describe  are  simile 
machines  used  for  raising  heavy  weights. 

Fig.  841  represents  the  common  or  simple  hand  jack ;  a  block  of  vrood 
about  two  feet  six  inches  long,  10  inches  broad,  and  six  inches  wide,  is  per- 
forated with  a  square  hole  or  mortise  through  it  lengthwise  ibr  the  recep* 
tfon  of  an  iron  rack  B.  This  rack  is  formed  with  a  double  daw  or  horn  at 
its  upper  end.  A  small  pinion  C  is  made  to  engage  in  the  teeth  of  the  rack. 
The  axis  of  the  pinion  is  supported  in  iron  plates  bolted  to  each  side  of  the 
block,  and  one  end  of  the  axis  projects  through  the  side  plate,  with  a  squara 
to  receive  a  winch  or  handle,  which,  being  turned  round,  the  pinion  ele- 
vates the  rack  B  in  the  mortise,  and  raises  the  claw  or  horns  up  to  the  load 
to  which  it  is  applied.  To  prevent  the  weiffht  of  the  load  running  the  pinioii 
back,  the  handle  is  detained  ))y  a  hook  or  link  a,  fastened  to  the  outside  «f 
the  block. 

'  When  a  greater  power  is  required  than  the  simple  rack  and  phiion  a»e 
capable  of  exerting,  a  combination  of  wheel-work  is  used,-  as  shown  in  the 
same  figure,  where  A  A  is  the  block  of  wood,  which  in  this  case  is  made 
aufliciently  wide  to  contain  the  cog-wheel  F,  fixed  to  the  pinion  C,  which 
acts  in  the  teeth  of  the  rack  B.  G  is  a  second  pinion  of  four  leaves,  woik- 
ing  in  the  wheel  F ;  and  the  axis  of  this  pinion  projects  through  the  side  of 
the  bloek  for  the  winch  H  to  be  fited  on  it.  The  block  A  A  is  made  in  two 
halves,  and  the  recess  for  the  wheel  F,  and  the  pinion  G,  is  cut  out  in  one 
of  Uie  bahnes ;  the  other,  being  laid  flat  against  it,  supports  the  topi,  pivflla 
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<of  Afe  wheel  and  pnioiis.  Tbe  two  halves  are  hound  togechor  hy  strong 
iron  hoops  b  ft,  dnven  over  the  outside.  The  rack  has  a  daw  N»  at  its  lower 
end,  projecting  out  sideways  through  an  opening  or  slit  cut  through  in  the 
front  hair  of  the  hlock.  Ihis  claw  can  he  introduced  heneath  a  stone  which 
lies  nearly  flat  upon  ^e  ground,  and  which  ooosequently  could  not  he  acted 
upon  by  the  daw  on  the  top  of  the  rack.  To  prevent  the  ndc  descending 
-wlien  it  has  a  load  upon  it,  the  small  dick  a  drops  into  its  teeth,  hut  clears 
it  in  going  up ;  when  it  is  not  required  to  detain  the  rack,  this  click  can  be 
turned  out  of  ^e  way  sideways. 

Fig.  342  is  a  screw  jack.  The  block  of  wood  A  A  is  perforated  neariy 
its  whole  length  with  a  hole  sufficiently  large  to  allow  the  screw  B  to  nove 
vp  and  down  without  touching.  The  screw  passes  through  a  nut  n,  fixed  into 
the  top  of  the  hlock  A ;  and  if  the  screw  is  turned  round,  it  must  rise  up  through 
the  nut,  and  elevate  the  claw  F.  This  claw  is  fitted  on  the  top  of  the  screw 
with  a  round  collai,  which  allows  the  screw  to  turn  round  without  turning 
the  claw ;  and  the  claw  N,  which  projects  through  a  groove  or  opening 
made  in  the  side  of  the  Uock,  is  fitted  to  the  screw  wiUi  a  smaller  collar. 
Ihe  bottom  of  the  block  has  {our  short  points  to  prevent  the  machine  slip- 
ping when  used  upon  hard  ground.  To  give  motion  to  the  screw,  the 
tower  half  of  it  is  formed  into  a  square,  and  a  worm-wheel  C  is  fitted  upon 
the  si^uare.  The  teeth  of  this  wheel  are  engasred  by  a  worm  on  the  axis  of 
the  wmdi  H,  and  plates  of  iron,  «  6,  are  bolted  on  each  side  of  the  block, 
sear  the  middle  ot  its  height,  to  carry  the  ends  of  the  axis  of  the  winch  and 
of  the  worm  which  is  concealed  bv  the  worm-wheel  C.  When  the  winch  is 
tamed  round,  it  causes  the  wheel  C  to  revolve  by  the  action  of  the  worm  in  its 
teeth ;  and  as  the  wheel  is  fitted  on  the  square  part  of  the  screw,  it  compels 
it  to  turn  with  it,  but  at  the  same  time  allows  the  screw  to  move  up  and  down. 

Jacks  bave  been  also  constructed  upon  the  hydrostatic 
principle  discovered  by  Pascal^  and  which  has  been  applied 
to  practice  by  the  late  Mr.  Bramah,  in  this  and  various 
other  uaeftd  machines. 


CRANES. 

Cranbs  are  certain  simple  machines  in  which  either  the 
wheel  and  axle,  or  wheel  and  pimon,  are  introduced,  to  effect 
the  raising  of  heavy  loads,  such  as  the  loading  or  unloading 
€t  shipping  at  the  quays  or  wharfii,  or  the  raising  or  lowering 
goods  to  and  from  chsonbers  or  wwehouses. 

Various  modes  have  been  adopted  to  turn  the  wheel,  or 
that  part  of  the  machitie  which  is  applied  to  the  same  pm>- 
pose,  by  introducing  bug  staves  into  the  axle,  by  which 
it  aoqpdres  the  naipe  of  a  cuwtan,  or  windlass ;  or  by  a  rope 
pwringover  the  wheel,  and  putting  it  and  the  axk  in  motion 
by  frifSon.  Other  methods  have  been  adopted,  such  as  form«> 
ing  the  wheel  hollow,  and  causing  it  to  revolve  by  means  of 
JabDurers  inside  of  it,  walking  up  its  sides,  which  consequently 
descends  beneath  their  wei^t ;  or  by  forming  it  into  a  plat- 
p^rm,  lying  in  a  slanting  directioo,  and  the  labourers  pushing 
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against  a  fixed  arm,  which  forces  the  platform  or  wheel  rouud 
under  their  feet. 

Most  of  the  cranes  constructed  with  the  wheel  and  axle 
occupy  too  much  apace^  which  is  of  importance,  and  conse- 
quently, where  cranes  are  in  general  use,  have  been  super- 
seded by  the  wheel  and  pinion^  which  is  of  a  more  compact  and 
convenient  construction.  The  wheel  and  pinion  is  generally 
acoompaaied  with  a  ratchet-wheel  and  pall,  or  some  other  me- 
thod cl  loeinng  the  handle,  so  that  should  the  labourer  desist 
from  his  exertion,  the  load  may  not  return  to  the  place 
whence  it  has  been  rabed. 

The  frame-work^  or  that  part  of  the  crane  which  does  not 
immediately  operate  to  raise  the  load,  is  divided  into  three 
parts,  the  post,  the  jib,  and  the  stay.  The  post  is  the  upright 
piece,  almost  universally  made  to  turn  on  a  centre ;  the  jib  is 
the  arm  extending  from  the  upper  part  of  the  post,  and  in 
some  cases  is  horizontal,  but  more  frequently  at  an  angle  to 
the  horizon ;  and  the  stay  is  that  ^ece  which  auppprta  the 
jib,  reaching  from  the  lower  part  of  the  post  to  nearly  the 
extremity  of  the  jib. 

The  most  sim^e  form  of  the  crane  is  that  commonly  used 
in  stone  and  timber  wharfs  for  unloading  vessels^  for  which 
purpose  it  is  weE  adapted,  its  power  being  very  great.  It 
nas  a  frame  coasisting  of  a  strong  beam  si^po^ed  hori- 
zontally at  10  or  12  feet  frum  the  ground,  on  the  top  of 
several  vertical  posts  very  firmly  fixed  in  tiie  g^und,  and 
securely  braced  with  stays  in  every  direction.  At  the  ex- 
tremity of  the  horizontal  beam  the  upper  part  of  the  jib  is 
supported,  the  lower  pivot  restina  on  a  post  in  the  ground. 
The  jib,  or  gibbet,  as  it  is  called,  firom  a  resemblance  to  that 
flaacli^e,  is  a  triasigalar  frame  of  wood,  one  side  being  per- 
{>endicidar^  and  tfuppoBted  on  pirots  at  the  top  and  bo9x>ini, 
so  that  the  whole  moves  round  on  these  aa  a  vertical  w^  of 
motion.  Near  the  upper  end  of  the  pevpendicular  podt,  a 
beam  proceeds,  forming  the^  upper  ttde  of  a  triangle,  while 
the  tiiud  side  is  a  brace,  extteded  from  the  foot  of  d^e  per- 
pendicular, to  support  Uie  upper  piece.  From;  the  extxeouly 
of  the  latteiv  the  imrden  is  snspendsd  by^  arope  plisting  over 
atmlley;  the  other  end  of  the  »^  is  coilpd  round  a  inertical 
VDlIer,  ev  capatsn,  ttsraing'on  pivots,.  an&;  supported  6y  the 
horizontal  beam  lorst  mmtibnedy  and  the  other  on  a  poet  in 
the  ground.  The  capstan  is  tamed  louad'  by!  mealis  ot  long 
horizontal  leryers  fixed  te  it,  at  which,  v  gfccat  number  of  men 
may  be  emploved  to^  push  tdient  ronnd^  oc  in  some  cases  they 
eve  dra^vn  by  horses.  .  As  the  ievers  aiMt  joS  a  yery  gf^ 
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length  in  proportioii  to  the  diameter  of  the  windlaas  on  which 
the  lope  coils,  ,the  power  of  this  simple  crane  is  very  coa- 
stderable,  and  may  b«  doubled  by  a  piur  of  blocks  or  pullies 
at  the  jib.  When  the  burden  is  iiused  to  a  sufficient  height, 
b^  taming  the  capstan,  the  jib,  being  swung  round  on  its 
piyots,  wOl  convey  the  load  into  a  cart  or  waggon  placed  on 
shore  by  the  side  of  the  crane. 

Another  land  of  crane,  which  is  equally  comnion  with  the 
above,  but  used  for  lighter  burdens,  has  tlie  same  jibs,  as 
indeed  most  cranes  have ;  but  the  windlass^  or  barrel  for  the 
rope,  is  placed  horizontally,  and  has  a  large  vertical  wheel 
fixed  upon  it.  This  is  made  of  two  wheels  fixed  on  an  axis 
at  a  distance  apart,  and  united  by  boards,  so  as  to  form 
a  large  hollow  cylinder  or  drum.  Mveral  men  get  into  this 
wheel,  and  by  constantly  walking  upwards  on  the  inside, 
give  it  a  tendency  to  revolve,  and  wind  up  the  rope  on  the 
barrel.  It  is  surprising,  that  so  imperfect,  this  should  have 
been  so  universally  adopted  as  it  was,  till  within  these  few 
years*  £y«n  when  the  wheel  is  sixteen  feet  in  diameter,  the 
labourers  within  cannot  walk  so  far  up  it,  from  thcperpen* 
dicular,  as. to  have  any  effective  leverage  to  turn  it  round; 
though  they  are  always  exposed  to  danger,  and  frequently 
meet  with  most  shockvig  and  &tat  accidents,  from  slipping 
down  in  the  wheel,  or  from  being  overpowered  by  the  load  ; 
in  this  case,  die  wheel  runs  h%ek  with  an,  accelerating  velocity, 
and  the  peqple  are  thrown  about  it  in  a  most  dreadf  id  manner. 
FVom  these  defects  of  the  common  construction,  skilful  me*  * 
cbanidans  have  devised  cranes  that  are  not  only  more  safe^ 
butt  more  .poweiful  in  their  operation,  than  the  common 
waiking-cnmie*  Some  of  the  best  of  these  will  be  described 
in  the  present  article.  . 

Mr.  Padmore,  many  years  ago,  contrived  to  prevent  the 
danger  attending  the  use  of  the  ooofstruction  last  described, 
by  pntting^a  ring  of  cogs  all  round  the  outside  of  the  great 
wheel,  and  a|^ying.a  trundle  provided  with  winches  to  turn 
it.  By  this  addition,,  the  power  was  incri^ased  in  proportion 
to  the  number  of  cogs  in  the  wheel  to  the  number  ol  staves 
in  the  trundle  ;  and  in  order  to  prevent  the  wheel  from  run- 
nbg  back  bf  the  force,  of  the  weight,  should  the  man  within 
it  i£p,  or  leave  off  walking,  he  added  a  ratchet-wheel  to  th^ 
end  of  the  trundle.  Two  winches  being  fixed  to  the  ends  of 
the  axis  of  the  trundle, .  gave  the  peojrie  attending  the  crane 
the  means  of  assisting  the  man  in  the  wheel,  when  the  load 
rendered  it  necessary.  On  the  axis  of  the  tnmdie  is  likewise 
fixed  a  wooden  wheel  provided  with  a  brake  or  gripe,  which 
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could  be  forcibly  pressed  on  the  cireumfereiice  of  the  wheel 
by  a  lever^  to  cause  such  a  friction  as  would  pcerent  the 
weight  from  descending  too  rapidly.  By  this  means,  heavy 
goods  ma^  be  raised  or  let  down  at  pleasure,  without  any 
danger  of  mjuring  the  men  in  the  crane.  This  contrivance  is 
ingenious ;  but  the  rapid  motion  of  the  circumference  of  the 
la^  walking  wheels,  in  most  cases,  rendered  it  inltpfdicable, 
unless  a  smafier  cog*  wheel  was  fixed  upon  the  same  axis  with 
the  walking-wheel. 

A  crane  to  be  turned  by  windies,  was  contrived  by  the 
late  Mr.  Ferguson,  which  has  three  trundles,  with  different 
numbers  of  staves.  Any  one  of  these  may  be  applied  to  the 
cogs  of  a  horizontal  wheel,  mounted  on  an  ujpright  axle,  round 
which  is  coiled  the  rope  for  drawing  the  weight.  This  wheel 
has  96  cogs  ;  the  largest  trundle  24  staves,  ^e  next  12^  and 
the  smallest  six ;  so  that  the  laigest  revolves  four  times  for 
one  revolution  of  the  wheel,  the  next  eight,  and  the  smallest 
sixteen.  The  winch  is  occasionally  fo^ed  on  the  axis  of 
eith^  of  these  trundles  for  turning  it,  and  is  applied  to  one 
or  the  olher,  according  as  the  weight  to  be  raised  is  smaUer 
or  larger.  There  is  also  a  fourth  trundle  acting  in  the  teeth 
of  the  great  wheel,  and  on  its  axis  is  a  brake  and  ratchet- 
wheel.  While  the  load  is  drawing  up,  the  teeth  of  the 
ratchet-wheel  slip  round  below  a  catch  which  fiUls  into  them, 
and  iprevents  the  crane  from  turning  backward,  thus  detaining 
the  weight  in  any  part  of  its  ascent,  if  the  man  who  works  ac 
the  winch  should  accidentally  quit  his  hold,  or  wish  to  rest 
himself  before  the  weight  is  completely  raised*  Making 
ar  due  allowance  for  friction,  a  man  may  raise,  by  such  a  cranet 
from  three  to  twehe  times  as  much  in  weMit  as  would 
balance  his  effort  at  the  winch,  viz.  from  90  to  360  lbs., 
taking  the  average  labour. 

Many  other  constructions  of  wheel-work  are  in  oommoa 
use  for  cranes.  When  they  are  turned  by  .a  winch,  it  is 
proper  to  apply  a  fly-wheel  to  the  axis  of  it,  both  to  equaliae 
the  eflforts  of  the  labourer  who  turns  it,  and  in  case,  he  acci- 
dentally lets  go  the  handle,  to  prevent  the  load  from  numinjf 
down  so  quickly  as  to  endanger  any  thing.  It  is  oonvenieiit 
to  have  several  different  powers  to  a  crane  of  this  kind,  to 
ikdapt  it  for  the  different  burdens  to  be  raised ;  this  is  best 
done  by  employing  a  train  of  several  wheels,  each  turned  by 
a  jpinion  smaller  than  itself.  Thus,  suppose  the  barrel  cm 
vmch  the  rope  or  chain  winds  to  be  12  inches  in  diameter, 
and  has  a  cog-wheel  of  96  t^eth  fixed  on  the  end  of  it ;  this 
is  turned  by  a  pinion  of  12  leaves;  on  the  same  axis  with 
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this  ia  a  wheel  of  32  teeth,  moved  by  a  pinion  of  eight, 
actuated  on  a  third  axis,  which  should  carry  iJie  fly-wfa^. 
A  winch  of  one  foot  radius  can  be  applied  to  any  of  tiiese 
three  axes  in  the  crane,  and  will  rive  tiiree  different  powers. 
Thus,  if  it  is  applied  to  the  gudgeon  of  the  barrel,  it  will 
double  the  power  of  the  balance,  because  the  winch  describes 
a  circle  which  is  twice  as  large  as  the  barrel  on  which  the 
cludn  winds ;  if  the  winch  is  fixed  on  the  end  of  the  axis 
which  carries  the  pinion  of  12,  and  the  wheel  of  32,  it 
will  give  the  labourer  a  purchase  of  16  times ;  and  lastly, 
when  the  winch  is  applied  to  the  pinion  of  eight,  his  efforts 
will  be  multiplied  64  times.  This  simple  mechanism  is  ren- 
dered very  complete  by  fixing  a  fly-wheel  upon  the  axis  of 
the  pinion  of  eight,  to  prevent  all  accidents  ;  for  which  piur- 
pose  it  is  more  effective  than  a  ratchet-wheel,  and  requires  no 
attention.  The  spindles  of  all  the  pinions  are  made  capable 
of  sliding  endwise,  for  the  purpose  of  disengaging  the  wheels 
from  each  other  at  pleasure,  that  when  the  wheels  are  not 
employed,  there  may  be  no  unnecessary  friction  in  tumiug 
them  round. 

The  gibbet  of  a  craoe  is  a  very  principal  member,  as  we 
have  b^re  explained ;  but  in  its  common  construction,  it 
has  8<mie  defects.  The  rope  by  which  the  burden  is  raised, 
passes  exactly  over  the  gudgeon  of  the  vertical  beam  of  the 
jib,  and  is  confined  between  two  small  vertical  rollers,  in  order 
that  it  may  always  lead  fair  with  the  pulley  or  sheave  at  the 
extremity  of  the  jib.  According  to  this  construction,  when- 
ever the  jib  turns  round  its  axis,  the  rope  is  bent  so  as  to 
form  an  angle  more  or  less  acute,  which  causes  a  great  in- 
crease- of  friction,  and  produces  a  continual  effort  to  bring 
the  arm  of  the  jib  into  a  parallel  position  to  the  inner  part  m 
the  ropes.  These  inconveniences  may  appear  to  be  trifling, 
but,  in  actual  practice,  they  are  of  no  small  importance ;  for 
Aey  necessarily  require  a  much  greater  degree  of  power  in 
raising  goods,  and  the  application  of  a  constant  force  to  keep 
the  jib  in  the  position  that  may  be  requisite ;  while  the  par- 
tial stress  which  is  exerted  on  only  a  few  strands  of  the  rope^ 
whilst  bent  into  an  acute  angle,  destroys  it  in  a  very  short 
time. 

A  simple  xronstruction  of  the  jib,  invented  by  Mr.  Bramah, 
obvistai  all  these  defects,  and  at  the  same  time  possesses  the 
very  desirable  property  of  permitting  the  jib,  of  what  is  termed 
a  ^arf  or  landing  crane,  to  revolve  whoUy  round  its  axis, 
and  to  land  goods  at  any  ppint  of  the  circle  described  by  the 
armof  the  jib. 
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The  simplesf  form  of  this  contriTance  is  shown  in  fig.  $43,  in  which  A  A 
repiesenU  |Uie  jib  of  a  warefaoiise4:rane  projecting  from  a  wall.  It  has,  u 
usual,  a  pulley  at  the  extremity,  from  which  the  goods  are  suspended.  The 
improvement  consists  in  placing  a  pulley  at  S,  to  conduct  the  rope  down 
through  the  axis  of  motion  of  the  jin,  the  collars  or  rings  a  «,  on  which  it 
swings,  being  perfoiated  for  the  purpose.  The  rope  afterwards  passes  under 
a  puUey  b,  which  condncta  it  into  the  house  to  the  crane  or  machine  t>y 
which  the  weiaht  is  elevated.  The  pulley  b  may  be  placed  between  the 
collars  a  a,  and  then  there  will  be  no  necessity  for  a  perforation  of  the  lower 
pivot  of  the  jib.  When  the  jib  is  required  to  describe  a  complete  circle, 
instead  of  the  two  brackets  at  a  a,  fixed  to  the  wall,  a  cast-iron  pillar  is  used 
to  support  the  jib,  the  collars  a  a  fitting  upon  it;  the  pillar  is  hollow,  to 
admit  the  rope  through  it,  and  is  firmly  fixed  in  a  vertical  position,  by  a 
plate  cast  on  the  lower  end  of  it,  and  screwed  down  on  the  timber  of  the 
wharf.  Beneath  these  beams,  there  is  another  pulley  in  place  of  b,  to  con- 
duct die  rope  to  the  crane. 

Fig.  344  represents  a  crane  mounted  on  four  trucks,  to  be  capable  of 
removal  from  place  to  place.  It  was  Employed  on  Ramsgate-piet,  for  lifting 
stones  used  in  the  boilding,  and  is  extremely  well  adapted  m  such  a  sku- 
ation,  as  it  requires  no  fixture,  and  vrill  take  up  a  weight  of  four  tons  with 
four  men,  which  is  sufficient  power  for  such  purposes.  It  was  designed  and 
executed  by  Mr.  Peter  Kier,  by  order  of  the  trustees  for  the  management 
of  the  harbour  at  Ramsgate.  Its  base  consists  of  a  cast-iron  finme  marked 
A  B,  nine  feet  seven  inches  square,  and  two  tons  weight,  supporM  on  four 
cast-iron  wheels  bb,  one  pair  of  whioh.  is  fixed  on  a  common  axle,  which 
moves  round  on  a  centre  fixed  to  one  side  of  (he  frame.  *  This  axle  has  an 
arm  projecting  across  beueath  the  frame  to  the  opposite  side,  where  a  rack, 
or  segment  of  a  veheel,  is  fixed  on  it,  as  shown  at  c,  engaging  a  pinion  r, 
shown  before  the  rack,  on  the  top  of  whose  axis  a  which  is  applied  at  tf. 
Now,  by  turning  this  pinion,  it  twists  the  wheels  round  upon  the  centre,  to 
steer  the  crane  when  moving  from  place  to  place.  A  vertical  cast-iron  shaft 
marked  D  F,  weighing  23  cwt.,  is  erected  on  the  centre  of  the  iron  trame, 
and  is  supported  by  oak  braces  E  E,  stepped  into  boxes  east  out  of  the  iron 
frame  A  B,  at  its  angles,  so  as  to  fonn  a  very  strong  perpendicular  eolann, 
roand  which  axis  the  whole  crane  traverses.  The  weight  of  the  framii^  and 
wheel«work  is  supported  by  a  steel  pivot,  or  gudgeon,  on  the  top  of  the 
shaft  F,  and  is  guiaed  by  a  collar  emoracing  the  shaft  at  I.  The  fitiming 
of  the  Hb,  or  movable  part  of  the  crane,  consists  of  a  long  beam  G  H,  bearing^ 
the  pulley  O  at  the  extremity,  resting  on  the  pivot  of  the  upright  pinat*  in 
the  middle,  and  the  other  end  supporting  the  frame  for  the  wheel-work 
L  M  N ;  into  this  beam  are  framed  two  uprights  Q  Q,  sun>ending  the  plat- 
form I  K,  on  which  men  viho  work  the  crane  stand.  It  is  braced  oy  a 
diagonal  stay  J  P,  and  a  cross  piece  It,  to  prevent  its  bending. 

Mr.  Brainah's  ingenious  hydrostatic  principle  of  gaining 
H  great  power  is  applicable  in  several  ways  to  the  raising  of 
heavy  weights,  and  has  been  frequently  employed  in  powerful 
craues.  £i  these  the  power  is  not  obtained  by  wheel-work^ 
pulUeSy  or  any  other  ordinary  mechanical  powers,  but  on  the 
principle  of  the  experiment  called  the  hydrostatic  paradiuc, 
which  has  been  known  for  ages ;  but  the  application  of  its 
powers  to  useful  purposes  is  due  to  Mr.  Branaab. 

The  simplest  form  is,  for  a  machine  to  raise  a  heavy  weight 
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to  a  small  heigliC.  A  metallic  cylinder,  sufficiently  strongs 
and  bored  truly  cylindrical  within,  has  a  solid  piston  fitted 
into  it,  which  is  made  perfectly  water-tight,  by  leather  pack- 
ing round  its  edge,  or  other  means  used  in  hydraulic  engines* 
The  bottom  of  the  cylinder  must  be  made  sufEiciently  strong 
with  the  other  parts  of  the  surface^  to  resist  the  greatest 
strain  which  can  ever  be  applied  to  it.  In  the  bottom  of  the 
cylinder  is  inserted  the  end  of  the  small  tube,  the  aperture  of 
which  communicates  with  the  inside  of  the  cylinder,  and 
introduces  water  or  fluids  into- it ;  the  other  end  of  the  pipe 
communicates  with  a  small  forcing-pump,  by  which  the 
water  can  be  injected  into  the  cylinder  beneath  its  piston  ^ 
the  pump  has  of  course  valves  to  prevent  the  return  of  the 
water.  Now,  suppose  the  diameter  of  the  cylinder  to  be  six 
inches,  and  the  diameter  of  the  piston  of  the  small  pump,  or 
injector,  only  one-quarter  of  an  inch ;  the  proportions  between 
the  two  suitaces  or  ends  of  the  said  pistons  will  be  as  the 
squares  of  their  diameters,  which  are  as  1  to  24 ;  therefore  the 
areas  will  be  as  1  to  576 ;  and  supposing  the  intermediate 
space  between  them  to  be  filled  with  water,  or  any  other 
dense  and  incompressible  fluid,  any  force  applied  to  the  small 

fiston  will  operate  on  the  other  in  the  above  proportion  of 
to  576.  Suppose  the  small  piston,  or  injector,  to  be  forced 
down,  when  in  the  act  of  forcing  or  injecting,  with  a  weight 
of  20  cwt.^  which  can  easily  be  done  by  means  of  a  lon^ 
lever,  the  piston  of  the  great  cylinder  would  theu  be  moved 
up  with  a  force  equal  to  1  ton  multiplied  by  576. 

Fig.  343  represents  a  crane  constructed  upon  the  hydro- 
statiod  principle,  that  is,  by  the  injection  of  water  from  a 
small  pump  into  a  large  cylinder,  which  is  fitted  with  a  piston, 
having  a  rack  attached  to  it  for  the  purpose  of  tumiug  a  pinion 
upon  the  axis  of  a  large  drum- wheel  or  barrel,  round  which 
the  rope  is  coiled,  and  from  thence  passes  to  the  jib. 

Tlie  figure  A  A  represents  the  jib,  made  of  irooy  and  supported  upon  two 
brackets  a  Oy  projecting  from  the  waU  of  the  warehouse  in  wnich  the  crane  is 
supposed  to  be  erected.  The  rope  passes  over  the  pulley  S»  and  down  through 
boles  in  the  brackets  a  u,  then  turns  under  the  pulley  b,  and  comes  to  the  lower 
Bide  of  the  great  drum-wheel  B.  The  pinion  C  is  fixed  on  the  same  aiis  with 
this,  and  its  gudgeons  turn  in  small  iron  frames  dy  bolted  down  to  the  floor  of 
the  warehouse.  The  pinion  C  is  actuated  by  the  teeth  of  the  rack  D,  and  a 
smaU  ToUer,  whose  pi?ot  is  shown  at  e,  presses  against  the  back  of  the  rack^ 
to  keep  its  teeth  up  to  the  pinion.  The  rack  is  attached  to  the  piston  D 
of  the  cylinder  L,  in  which  the  power  for  working  the  crane  is  obtained. 
The  piston  passes  through  a  tight  collar  of  leather  on  the  top  of  the  cylinder 
at  £)  which  does  not  admit  of  any  leakage  by  the  side  of  it,  and  therefore  if 
any  water  is  forced  into  the  cylinder  it  must  motrude  the  piston  from  it. 
The  cylinder  is  supported  in  a  wooden  frame  r  F,  and  ha»  a  small  copper 
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I  ggs  prooMding  from  te  lower  end  of  it,  cOiniiiv*it»itiiig  wltb  a  small 
ing-pump  at  k ;  this  stands  in  an  iron  cistern  H,  which  contains  the 
water,  and  sostains  the  standard  1 1,  for  the  centre  of  the  handle  G,  with 
which  the  pump  is  worked  by  one  or  two  men.  The  upper  extremity  of  the 
standard  i  i  gmdes  the  piston-rod  of  the  pump,  to  confine  it  to  a  rertical 
motion;  /  is  a  weight  lor  counteibalancmy  the  handle  G  of  the  pump. 
From  what  we  have  said  before,  the  operation  of  this  machine  is  endent; 
the  power  of  the  cjliader  D  is  in  proportion  to  its  sixe  compared  with  the 
size  of  the  pump;  but  as  it  only  acts  through  short  limits,  the  pinion  and 
drum  B  are  necessary  to  raise  the  weight  a  sufficient  height.  The  operatioD 
of  lowering  goods  by  this  crane  is  extremely  simple,  as  it  is  only  necessary 
to  open  v<K>dL  at  Mywhicbsttflefs  the  water  to  eaoupe  from  the  oylinder  into 
the  cistern  H,  and  die  weighl  descends^  but  under  the  most  perfect  command 
of  the  person  who  regulates  the  opening  of  the  cock ;  for  by  diminishing 
the  aperture,  he  can  increase  the  resistance  atpleasure,  or  stop  it  altogether: 
Fig.  345  is  a  side  elevation  of  a  crane,  llie  post  is  immovable,  and  is 
fixed  on  an.  iron  frame,  with  arms  extending  in  the  form  of  a  cross,  the 
cactremities  of  which  are  bolted  down  by  strong  screws  to  large  blocks  of 
stone  sttffidentW  heavy  to  more  than  counterpoise  the  weight  to  be  raised 
by  the  crane.  In  the  top  of  the  post  is  fixed  a  wroughtriron  pivot,  by  which 
the  weight  is  supported,  and  a  strong  cast-iron  cap  Dears  on  the  pivot,  and 
has  attached  te  it  two  iron  frames,  one  on  eaeh  side,  that  receive  the  pres- 
sure from  the  stay,  as  well  as  support  the  pull  of  the  jib,  which  is  formed  of 
two  ban  of  wroughi-iron.;  the  lateral  pressure  is  borne  by  the  bottom  of  the 
post,  round  which  two  fnction-rollers  tim  to  &cilitate  its  motioo.  Thi» 
cxane  will  carry  five  tons  with  safety. 
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PRESSES. 


Thb  preBB  b  a  machine  in  most  extensive  use  in  the 
mechanic  arts.  It  is  usually  made  of  wood^  or  iron,  and 
serves  to  squeeze  or  compress  any  body  very  close. 

Screw-nresses  generally  consist  of  six  members^  or  pieces  ; 
viz.  two  nat  smooth  tables  of  wood  or  metal^  between  which 
the  substance  to  be  pressed  is  placed ;  two  screws,  or  warmA^ 
fastened  to  the  lower  plank,  and  passing  through  two  hole» 
in  the  upper;  and  two  nuts,  in  form  of  an  S,  serving  to  drive 
the  upper  plank,  which  is  movable,  against  the  lower  which 
is  staole  and  without  motion. 

Presses  used  for  expressing  liquors,  are  of  various  kinds  ; 
some,  in  most  respects,  the  same  as  the  common  presses, 
excepting  that  the  under  plank  is  perforated  with  a  great 
number  of  holes,  to  let  the  juice  run  through  into  a  tub  or 
receiver  underneath. 

I .  An  improved  cider-press,  turned  by  a  windlass,  is  shown 
in  fig.  284.  ^ 

A  A  is  the  base  or  foandation  with  its  supporting  parts ;  B  B  the  cheeks  or 
sisters;  DD  the  cross-piece  at  top,  througii  which  the  screw  passes,  and 
which  consequently  contains  the  female  screw ; .  £  the  screw  with  its 
appendages ;  F  F  the  bridge  or  cross-piece  whidi  acts  on  the  pommi^e ; 
G  G  is  the  wide  plank  or  vat  on  which  the  pulp  rests  in  the  hair  bags^  in 
which  the  mode  of  the  liquor's  passing  off  is  seen. 

Iliis  kind  of  press  may  be  adyantageously  employe<l  for  packing  cloth,, 
paper,  and  other  goods ;  as  also  in  paper-mills,  for  flattening  and  rendering 
paper  solid;  and  in  themanufiicture ofwoollen  cloth,  for  glazing  and  setting 
a  mush  upon  the  article  in  its  last  stage. 

2.  Two  elevations  of  a  very  jzood  screw-press  for  a  paper- 
miU  are  given  in  figs.  285  and  QS6. 

A  A  is  the  bed,  formed  of  an  immense  beam  of  oak;  and  each  of  the 
dieeks,  B,  consists  of  a  long  iron  bar  6  ^,  fig.  386,  the  ends  of  which  are 
welded  together,  so  that  it  forms  a  long  sink,  one  end  of  which  receives  the 
end  of  the  bed  A,  and  the  other  the  end  of  a  massive  cast-iron  bar  D,. 
throngfa  which  the  screw  £  is  received,  and  its  nut  fixed  fast  therein. 
The  open  spaces  of  the  long  links  or  cheeks,  6, 6,  are  filled  up  by  rails  of 
wood  C,  which  support  the  weight  of  parts  of  the  press  when  it  is  not  in 
action,  but  these  bear  nothing  when  the  press  has  any  articles  under 
presBuro  in  it ;  these  articles  are  laid  at  H,  on  the  bed,  and  the  follower,  G, 
IS  pressed  upon  them  by  the  screw,  when  it  is  turned  by  a  long  lever  put 
through  the  noles  in  the  screw-head  F. 

The  screws  employed  for  paper-presses  are  generally  formed  with  such 
coarse  threads,  and  so  rapid  a  spiral,  that  the  elasticity  of  the  paper  is  suffi- 
cient to  force  it  to  run  back.  To  these  a  ratchet-wheel,  a,  is  fixed,  and  a 
click  e,  fig.  287,  is  applied  to  its  teeth ;  to  poRvent  its  return,  the  dick  is 
supported  on  a  bar  6i^  which  moves  on  a  centre  at  B,  but  the  other  end  is 
retamed  by  a  catch  or  lever  fg.    When  tfae  press  is  lo  be  rtlieftd>  the 

u  2 
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end  /,  of  the  catch,  is  dnvea  back ;  thia  relieves  the  bar  d  b,  and  the  elide 
no  longer  detaining  the  ratchet-wheel,  the  screw  runs  back. 

3.  A  very  ingenious  and  useful  packing-press  has  been 
inyented  by  Mr.  John  Peek.    It  is  represented  in^  fig.  288. 

A  A,  the  frame  of  the  press ;  B  B,  the  laige  screws,  whtdi,  ui  this  press^ 
contrary  to  those  in  common  ase,  is  fixed  and  immovable ;  C,  a  circular 
iron  bar,  extending  beyond  the  sides  of  the  press,  and  having  thereon  two 
worms,  or  endless  screws  £  E,  which  work  in  two  toothed  wheels  fixed 
to  the  nuts,  and,  by  turning  the  winch  D,  drive  the  nuts  and  bed  up  and 
down  the  screws  as  may  be  found  necessary;  F,  a  stage,  suspended  from 
the  bedv  and  on  which  die  men  stand  who  work  the  press ;  such  a.  stage 
may,  if  found  necessary,  be  fixed  at  the  other  end  of  tl)e  bar,  as  shown  by 
the  square  shoulder  G.  The  bed  of  this  press  must  be*  foimed  of  two 
pieces  of  strong  wood,  which  are  held  togetner  by  screws  and  nuts,  passed 
through  them^  as  shown  at  A  A  A  A.  The  great  utility  of  this  press  consists  in 
its  being  capable  of  packing  two  sets  of  bales  at  once ;  thus  answering  the 
purpose  of  two  presses,  with  more  expedition. 

4..  The  hydrostatic  or  water-press,  or  as  it  is  sometimes 
calted  Bramak's  Press,  has,  for  a  great  number  of  purposes, 
superseded  the  use  of  the  screw-press,  over  which  it  possesses 
great  advantaged,  in  all  cases  where  a  strong  pressure  is 
required.  It  is  one  among  the  many  useful  inventions  of  tlie 
late  Mr.  Joseph  Bramah,  of  Piccadilly ;  and  is  ingeniously 
contrived  for  applying  the  quaqua  versum  pressure  of  fluids 
as  a  powerful  agent  in  many  kinds  of  machinery. 

These  contrivances  consist  in  the  application  of  water,  or 
other  dense  fluids,  to  varioaa engines,  so  as,  in  some  instances, 
to  cause  them  to  act  with  immense  force  ;  in  others,  to  com- 
municate the  motion  and  powers  of  one  part  of  a  machine  to 
some  other  part  of  the  same  machine ;  and,  lastly,  to  com- 
municate the  motion  and  force  of  one  machine  to  another, 
where  their  local  situations  preclude  the  application  of  all 
other  methods  of  connection. 

The  first  and  most  material  part  of  this  invention  will  be  clearly  under- 
stood by  an  inspection  of  fig.  2&9,  where  A  is  a  cylinder  of  iron,  or  other 
materials,  sufiiciently  strong,  and  bored  perfectly  smooth  and  cylindrical  ; 
into  which  is  fitted  the  piston  B,  which  must  be  made  perfectly  water-tight, 
by  leather  or  other  materials,  as  used  in  pump-making.  The  bottom  of  the 
cylinder  must  also  be  made  sufficiently  strong  with  the  other  part  of  tlie 
auffttce,  to  be  capable  of  resisting  the  greatest  force  or  strain  that  may  at 
any  tiane  be  required.  In  the  bottom  of  the  cylinder  is  inserted  the  end  of 
the  tube  C;  the  aperture  of  which  communicates  with  the  inside  of  the 
cylinder,  andei  the  piston  B,  wheie  it  is  shut  with  the  small  vaWe  D,  the 
same  as  the  suction-pipe  of  a  common  pump.  The  other  end  of  the  tube 
C  communicates  witn  the  small  forcing-pump  or  injector  £,  by  means  of 
which  water  or  other  dense  fluids  can  be  mrced  or  injected  into  the  cylinder 
A,  uqder  the  piston  B.  Now,  suppose  the  diameter  of  the  cylinder  A  be 
12  inches,  and  the  diameter  of  the  piston  of  the  small  pump- or  injector  £ 
only  one  quarter  of  an  inch,  the  proportion  between  the  two  suriaces  or  ends 
of  the  said  piston  will  be  as  1  to  2304 ;  and  supposing  the  intermediate 
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«pac«T)etween  them,  to  be  filled  with  water  or  other  dense  fluid  capable  of 
•ufficient  renstance,  the  force  of  one  piston  will  act  on  the  other  just  in  the 
above  proportion,  viz.  as  1  is  to  2304.  Suppose  the  small  piston  in  the 
injector  to  be  forced  down  when  in  the  act  of  pumping  or  injecting  water 
into  the  cylinder  A,  with  the  power  of  20  «wt.  which, could  easily  be  done 
by  the  lever  H ;  the  piston  B  would  then  be  moved  up  mi$h  a  force  equal 
to  20  cwt.  multiplied  bv  2304. 

Thus  is  constructed  a  hydro-mechanical  engine,  whereby  a  weight 
amounting  to  2304  tons  can  be  raised  by  a  simple  lever,  through. equal 
space,  in  mn^h  rless  time  than  could  be  done  by  any  apparatus  -.con- 
structed on  the  known  principles  of  mechanics ;  and  it  may  be  proper 
to  observe,  that  the  effect  of  all  other  mechanical  combinations  is  coun^ 
teracted  by  an  accumulated  complication  of  parts,  which  renders  them 
incapablie  of  being  useftilly  extended  beyond  a  certain  d^ree;  but  in 
macnines  acted  upon  or  constructed  on  this  principle  every  difficulty  of 
this  kind  is  obviated,  and  their  power  subject  to  no  finite  restraint.  To 
prove  this,  it  will  be  only  necessary  to  remark,  that  the  force  of  any  madiine 
acting  upon  this  principle  can  be  mcreased  ad  infinitum,  either  by  ettending 
the  proportion  oetween  the  diameter  of  the  cylinder  A,  or  by  applying 
greater  power  to  the  lever  H. 

Fig.  290  represents  the  section  of  an  engine,  by  whidi  vety  wonderfiil 
efiects  may  be  produced  instantaneously  by  means  of  compressed  air. 
A.  A  is  a  cylinder  with  the  piston  B  fitting  air-tight,  in  the  same  manner  as 
described  in  fig.  289.  C  is  a  globular  vessel  made  of  copper,  iron,  or  otlier 
strong  materisHs,  capable  of  resisting  immense  force,  similar  to  those  of 
air-guns ;  D  is  a  strong  -tube  of  small  bore,  in  which  is  the  stop-cock  E. 
One  of  the  ends  of  this  tube  communicates  with  the  cylinder  under  the 
piston  fi,  and  the  otlier  with  the  g!obe  C.  Now,  suppose  the  cylinder  A 
to  be  the  same  diameter  as  that  in  fig.  289,  and  the  tube  D  equal  to  one 
quarter  of  an  inch  diameter,  which  is  the  same  as  the  injector,  fig.  289; 
tiien,  suppose  that  air  is  injected  into  the  globe  C  (h(y  the  common  method) 
till  it  presses  against  the  cock  £  with  a  force  euual  to  20  cwt.  which  can 
easily  oe  done ;  the  consequence  will  be,  that  wnen  the  cock  £  is  opened, 
the  piston  B  will  be  moved  in  the  cylinder  A  A  with  a  power  or  force  equal 
to  2304  tons ;  and  it-is  obvious,  as  in  thecase  fig.  289,  that  any  other  unlimited 
deme  of  force  may  be  acquired  by  machines  or  engines  thus  constructed. 

rig.  291  is  a  section,  merely  to  show  how  the  power  and  motion  of  one  ma- 
chine may,  by  means  of  fluids,  be  transferred  or  communicated  to  another, 
let  their  distance  and  local  situation  be  what  they  may.  A  and  B  are  two 
small  tubes,  smooth  and  cylindrical,  in  the  inside  of  each  of  which  is  a 
piston,  made  water  and  air  tight,  as  in  figs.  288  and  289.  CC  is  a  tube 
conteyed  underground,  or  otherwise,  from  the  bottom  of  one  cylinder  to  the 
other,  to  form  a  communication  between  them,  notwithstanding  their  dis- 
tance be  never  so  great,  (his  tube  being  filled  with  water  or  other  fluid, 
until  it  touch  the  bottom  of  the  piston;  then,  by  depressing  the  piston  A, 
the  piston  B  will  be  raised;  The  same  effect  will  be  produced  vice  vertA : 
thus  bells  may  be  rung,  wheels  turned,  or  other  machinery  put  invisibly 
in  motion,  by  a  power  being  applied  to  either. 

Fig.  292  is  a  section,  showing  another  instance  of  communicating  the 
action  and  force  of  one  machine  to  another ;  and  how  water  may  be  raised 
cot  of  wells  of  any  depth,  and  at  any  distance  from  the  place  where  the 
operating  power  is  applied.  A  is  a  cylinder  of  any  required  dimensions, 
in  which  IS  the  working  piston  B,  as  in  the  foregoing  examples ;  into  the 
bottom  of  this  cylinder  is  inserted  the  tube  C,  whidi  may  be  of  less  boie 
Ib'A  the  .cylinder  A.    This  tube  is  continued,  in  any  required  directioiv 
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dowD  to  the  piinp  c^Fliod^r  D,  wppoted  to  be  fixed  id  the  deep* well  EB, 
Mfid  forme  a  juncbon  therewith  abore  the  piston  F ;  whidi  pielon  has  a  rod 
.G,  working  through  the  8tiiffing4)ox,  as  is  usual  in  Uie  common  nump.  To 
'this  lod  G  is  oonneoted,  orer  a  pulley  or  otherwise,  a  wei{^t  H,  sufficient 
to  orefhatance  the  wei^t  of  water  in  the  tube  C,  vod  to  raise  the  piston  F, 
when  die  piston  B  is  hfted ;  thus,  suppose  the  pi^on  B  is  drawn  up  hj  its 
rod,  there  will  be  a  Tacuum  made  in  the  pump  orlinder  D,  below  the  piiton 
¥ ;  the  mconm  vrill  be  filled  with  water  through  the  suction  pipe,  by  the 
pressure  of  the  atmosphere,  as  in  all  pumpe  fix«l  in  air.  The  return  of  the 
piston  By  by  being  pressed  downwards  in  the  cylinder  A,  will  make  a 
eCfOke  of  the  piston  in  the  pump  cylinder  D,  which  may  be  repeated  in  the 
.vsual  way  by  the  motion  of  the  piston  B,  and  the  action  of  the  water  in  the 
•tube  C.  The  rod  G  of  the  piston  F,  and  the  weight  H,  are  not  necessary 
in  wells  of  a  depth  where  the  atmosphere  will  oyerbatance  the  water  in  the 
enction  of  the  pump  cylinder  D,  and  that  in  the  tube  C.  The  small  tube 
jBnd  cock  in  the  cistern  1,  are  fi>rtbe  purpose  of  charging  the  tubeC. 

Bv  these  means  it  is  obvious  that  the  most  commodious 
iBacfaines,  of  prodijgrious  power,  and  susceptible  of  the  greatest 
strength,  may  readily  be  rormed.  If  the  same  multiplication  of 
power  be  attempted  by  toothed  wheels,  jmiions,  and  racks,  it 
IB  scarcely  possible  to  give  strength  enough  to  the  teeth  of 
the  racks,  and  the  machine  becomes  very  cumbersome  and  of 
great  expense.  But  Mr.  Bramah's  machine  may  be  made  to 
possess  great  strength  in  very  small  compass.  It  only  requires 
Very  accurate  execution.  Mr.  Bramah,  however,  was  greatly 
mistaken  when  he  published  it  as  the  discovery  of  a  new 
.nuechame  power.  The  principle  on  which  it  depends  has 
4>een  well  known  for  nearly  two  centuries ;  and  it  is  matter 
of  surprise  that  it  has  never  before  been  apphed  to  any  useful 
practical  purpose. 

5.  The  Stanhope  printrng-preM  is  delineated  in  figs.  293 
and  394,  being  elevations,  and  fig.  295,  a  plan. 

A  A  is  a  massiTC  frame  of  cast-iron  formed  in  one  piece ;  this  is  the 
body  of  ;the  press,  in  the  upper  part  of  ^rhich  a  nut  is  fixed  for  the  reception 
x>f  the  screw  d,  and  its  pc^t  operates  upon  the  upper  end  of  a  slider  d^ 
which  is  fitted  into  a  dove-tail  groove  formed  between  two  vertical  bars  9  e, 
joi  the  finme.  Ilie  slider  has  3ie  platen  D  D  firmly  attached  to  the  lower 
«ad  of  it;  and  being  accurately  fitted  between  tlie  guides  ee,  the  platen 
must  rise  and  fidl  parallel  to  itself  when  the  screw  b  is  turned.  The  weight 
,ol  the  platen  and  uie  sUder  are  counterbaUnced  by  a  heavy  weight  E,  behind 
Ihe  press,  whidi  is  suspended  from  the  lever  F,  and  this  acts  upon  the  slider 
to  lift  it  up,  and  keep  it  alwajrs  bearing  asainst  the  point  of  the  screw. 

At  G  ase  two  projecting  pieces,  cast  afi  in  one  with  the  main  frame,  to 
support  the  carnage  when  the  pull,  is  madjs ;  to  these  the  rails  H  are 
screwed,  and  placed  truly  horizontal,  for  the  carriage  I  to  run  upon  thera, 
when  it  is  earned  under  the  press  to  receive  the  impression,  or  arawn  out 
to  remove  the  printed  sheet.  The  carriage  is  moved  by  the  rounce  or 
handle  K,  with  a  spit  and  leather  girts  veiy  similar  to  the  vtrooden  press. 
Upon  the  spit  or  axle,  a  wheel,  L,  is  fixed,  and  round  this  leather  belts  are 
passed,  one  extending  to  the  back  of  the  carriage  to  draw  it  in,  and  two 
odiersy  which  pass  round  the  wheel  in  an  opposite  direction,  to  draw  it  o«l. 


By  tiik  anai,  vken  lli^  h«|id]c  is  timied  oqe  nij  it  tewvont  the  cat- 
riftgr^  and  Vy  revaiBing  tlie  motion  it  is  carried  in.  lliere  is  likewise  a 
check  strap  y;  from  the  wheel  down  to  the  wooden  base  My  of  the  fhunet, 
and  this  limits  the  motion  of  the  wheel,  and  conseqvently  the  eacursioa  «tf 
the  carriage. 

The  prindpal  improvemeBt  of  EmI  Stanhope's  press  con* 
sists  in  the  manner  of  giving  motion  to  the  screw,  b,  6t  it» 
which  is  not  done  supply  by  a  bar  or  ler^  attacfaed  to  the 
screw,  but  by  a  second  lever  e,  g;  the  screw,  A,  has  a  shovt 
lever,  g,  fixed  npon  the  upper  end  of  it,  and  tins  ooouwBi- 
cates  by  an  iron  bar,  or  link,  il,  to  another  lever,  t ,  qf  nlher 
shorter  radius,  which  is  fixed  upon  the  upper  end  ^  the 
second  spincfie  /,  and  to  this  the  bar  or  handle,  A,  is  fixed. 
Now  when  the  workman  pulls  this  handle,  he  tarns  round 
the  s^dle  /,  and  by  the  connection  of  the  rod,  A,  the  screw,  b^ 
turns  with  it,  and  causes  the  platen  to  descend  and  produce 
the  pressure.  But  it  is  not  simply  this  alone,  for  the  power 
of  the  lever,  A,  is  transmitted  to  the  screw,  in  a  ratio  propor- 
tioned to  the  effect  required  at  the  different  parts  of  the  piUI; 
thus  at  first,  when  the  pressman  takes  the  bar  K,  it  liea  in  a 
direction  parallel  to  the  fi«me,  or  across  the  press,  and  the 
short  IcYtr  i  (being  nearly  perpendicular  thereto)  is  also 
nearly  at  i^t  angles  to  the  connecting  rod  h;  but  the  lever, 
g,  oi  the  screw,  makes  a  oonsiderable  angle  with  the  rod^ 
which  therefore  acts  upon  a  shorter  radius  to  turn  the  screw ; 
because  the  real  power  exerted  bjr  any  action  upon  a  lever, 
is  not  to  be  considered  as  acting  with  the  full  kaigth  of  the 
lever  between  its  centres,  but  with  the  distance  in  a  perpen^ 
dicular  drawn  line,  in  which  the  action  is  applied  to  the 
centre  of  the  lever.  Therefore  when  the  pressman  first  takes 
the  handle  K,  the  lever  t  acts  with  its  full  length  upon  a 
shorter  length  of  leverage,  g^  on  the  screw,  whi^  will  con- 
sequently be  turned  more  rapidly  tlian  if  the  bar  itself  was 
attached  to  it ;  but  on  continuing  the  pull,  llie  situation  of 
the  levers  change,  that  of  the  screw,  gy  continually  increasing 
its  acting  lengw,  because  it  comes  nearer  to  a  perpendicular 
with  the  connecting  rod,  and  at  the  same  time  the  lever  t^ 
cfiminishing  its  actmg  length,  because,  by  the  obliquity  of 
the  lever,  die  rod.  A,  approaches  the  centre,  and  the  perpen- 
dicular distance  diminishes ;  the  bar  or  handle  also  comes  to 
a  more  favourable  position  for  the  man  to  pull,  because  be 
draws  nearly  at  right  angles  to  its  len^^ 

AH  these  causes  combined  have  the  best  effect  in  produdng 
an  immense  pressure,  without  loss  of  time ;  because  in  the 
first  instance  the  lever  acts  witli  an  increased  motion  upon 
the  screw^  and  brings  the  platen  down  very  quipkly  upon  the 
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pi^r^  but  by  that  time  the  lerers  have  assumed  such  a 
position  Ais  to  exert  a  more  powerful  action  upon  each 
other,  and  this  action  continues  to  increase  as  the  bar  is 
drawn  forwards,  until  the  lerer,  »,  and  the  connecting  rod  are 
Imra^t  neariy  into  a  straight  Ene,  and  then  the  power  is 
immensely  great,  and  capable  of  producing  au]^  requisite 
pressure  which  the  parts  of  tiie  press  will  sustain  without 
yielding.  The.  handle  is  sometimes  made  to  come  to  rest 
against  a  stop,  which  prevents  it  moving  further,  and  there* 
fore  T^^ulates  the  degree  of  pressure  given  upon  the  work  : 
but  to  give  the  means  of  increasing  or  diminishing  this 
pressure,  for  different  kinds  of  work,  the  stop  is  made  mov- 
able to  a  small  extent.  A  better  plan  is  adopted  by  some 
makers  of  the  Stanhope  press,  viz.  to. have  a /screw  adjust- 
ment at  the  end  of  the  connecting  rod  A,  by  which  it  can  be 
shortened ;  it  is  done  by  fitting  the  centre  pin  which  unites 
it  to  the  lever  gj  in  a  bearing  piece,  which  slides  in  a  groove 
formed  in  the  rod,  and  is  regulated  by  the  screw.  This 
4ihorteninff  of  the  connecting  rod  produces  a  greater  or  less 
4eseent  of  the  platen,  when  the  handle  is  brought  to  the  stop. 

The  carriage  of  the  press  is  represented  with  wheels,  m  m,  beneath,  to  take 
off  the  friction  of  moving  upon  the  ribs  H.  These  wheels  are  shown  at 
4tg.  296,  which  is  a  section  of  the  screw  and  the  platen,  with  the  carriage 
iMneath  it ;  and  fig.  2)97  is  a  plan  answering  to  it.  Fig.  298  is  a  figure  of 
a  carriage  inverted  to  show  the  wheels ;  then. axles  n  are  fitted  to  springs  p, 
,and  these  are  adjustable  by  means  of  screws  r,  so  that  the  carriage  will  be 
borne  up  to  any  required  height.  This  is  so  regulated,  that  when  the  car^ 
riage  is  run  into  the  press,  its  lower  sur&oe  shall  bear  lighUy  upon  the  soUd 
cheekf  G,  which  are  part  of  the  body  of  the  press,  and  these  support  it  when 
;the  pressure  is  applied,  the  same  as  the  winter  of  the  old  press;  but  the 
wheels  by  their  spring  act  to  bear  up  great  part  of  the  carriage  with  the 
types  upon  it,  and  diminish  the  friction,  yet  do  not  destroy  the  contact  of 
me  carnage  upon  the  ribs,  beeause  this  would  not  give  the  carriage  that 
•olidity  of  bealnng  which  is  requisite  for  resisting  the  puU.  This  is  only  at 
4he  time  when  the  carriage  is  run  into  the  press ;  because  as  it  run^  out,  the 
ribs  on  which  the  wheels  run  rise  higher,  and  therefore  the  wheels  snpport 
Che  whole  weight. 

The  manner  in  which  the  wheels  run  in  rebates  or  recesses  in  the  edges 
iOf  the  ribs,  u  shown  at  fig.  294.  The  carriage  is  made  of  cast-iron,  in  the 
form  of  a  box,  with  sever^  cross  partitions,  which  are  all  cast  in  one  piece, 
and  though  made  of  thin  metal,  are  exce«lingly  strong ;  the  upper  sur&ce 
is  made  truly  flat,  by  turning  it  in  a  lathe,  liie  same  of  the  platen,  whidi 
is  likewise  a  shallow  box ;  the  slider  «f  has  a  plate  formed  on  the  lower  end 
of  it,  which  is  fixed  by  four  screws  upon  the  top  of  ^  platen,  and  thus 
they  are  united. 

At  the  four  angles  of  the  carriage,  pieces  of  iron,  r,  fig.  297,  are  screwed 
on,  to  fprm  bearings  for  the  quoins  or  wedges  which  are  driven  in  to  fosten 
the  form  of  types  upon  it  in  the  true  position  for  printing.  The  tympan  P, 
fig.  293,  is  attached  to  the  carriage  by  hinges,  with  an  iron  bracket  or  stop 
to  oitch  it  when  it  is  thrown  back ;  the  frisket,  B,  is  joined  to  the  tympai^ 
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and  when  opened  outy  rests  against  a  frame  suspended  from  the  ceiling. 
The  iron  frame,  A,  of  the  press  is  screwed  down  upon  the  wooden  base  M, 
by  bolts,  which  pass  through  feet, «,  projecting  from  Uie  lower  parts  of  the  iron 
frame.  Another  w<)oden  beam  is  Axed  into  the  former  at  rignt  angles,  so  as 
to  form  a  croes^  which  lies  upon  the  floor.  The  ribs  H,  for  the  carriage  to 
ran  upon,  are  supported  from  the  wooden  base  by  an  iron  bracket  T. 

The  advantages  of  the  iron  preBses  in  working  are  very 
considerable,  both  in  saving  labour  and  time.  The  first  arises 
from  the  beautifiil  contrivance  of  the  levers,  the  power  of  the 
press  being  almost  incalculable  at  the  moment  of  producing 
the  impression ;  and  this  is  not  attended  with  a  correspondent 
loss  of  time,  as  is  the  case  in  all  other  mechanical  powers, 
because  the  power  is  only  exerted  at  the  moment  of  pres- 
sure, being  before  adapted  to  bring  down  the  platen  as 
quickly  as  possible.  This  great  power  of  the  press  admits  of 
a  saving  of  time,  by  printing  the  whole  sheet  of  paper  at  one 
pull,  the  platen  being  made  sufficiently  large  for  that  pur- 
pose ;  whereas,  in  the  press  formerly  used,  the  platen  is  only 
half  of  the  uze  of  the  sheet.  In  the  Stanhope  press,  the 
whole  surface  is  printed  at  once,  with  £ar  less  power  upon 
the  handle  than  the  old  press,  when  printing  but  half  the 
surface.  This  arises  not  only  from  the  levers,  but  from  the 
iron  framing  of  the  press,  which  will  not  admit  of  any  yield- 
ing, as  the  wood  always  yields,  and  indeed  is  intended  to  do, 
the  head  being  often  packed  up  with  elastic  substances,  such 
as  pasteboard,  or  even  cork.  Jn  this  case  much  power  is  lost, 
for  in  an  elastic  press  the  pressure  is  gained  by  screwing  or 
straining  the  parts  up  to  a  certain  degree  of  tension,  and  the 
effort  to  return,  produces  the  pressure.  Now,  in  diis  case, 
the  handle  will  make  a  considerable  effort  to  return,  which, 
though  it  is  in  reality  giving  back  to  the  workman  a  portion 
of  the  power  he  exerted  on  the  press,  is  only  an  additional 
labour,  as  it  obliges  him  to  bear  the  strain  a  longer  time  than 
he  otherwise  would. 

The  iron  presses  have  very  little  elasticity,  and  those  wlpo 
nse  them  find  it  advantageous  to  diminish  the  thickness  of  the 
blankets  in  the  tympan  to  one  very  thin  piece  of  fine  cloth ;  the 
lever  has  then  very  little  tendency  to  return,  and  the  pull  is 
easy  in  the  extreme,  requiring  very  little  more  force  to  remove 
it  at  the  latter  than  at  the  first  part ;  indeed,  the  iron  press  is  so 
different  from  the  other  press,  that  when  an  experienced  press  - 
man  first  tries  it,  he  cannot  feel  any  of  that  reaction  which  he 
has  been  accnstomed  to,  and  will  not  believe,  tOl  he  sees  the 
sheet,  tiiat  he  has  produced  any  impression  at  all;  and  for  many 
days  after  he  begins  to  work  at  an  iron  press,  he  by  habit 
iimwn  back  aU  the  weight  of  his  body  in  such  a  manner  us  to 
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bring  the  handk  up  to  Ms  0top  wkh  a  oonettsskm  tiiat  shades 
bis  ami  very  much,  and  in  consequence  most  pressmen,  after 
a  few  hours'  work,  feel  inclined  to  give  up  the  iron  press ; 
but  when  they  have  once  acquired  a  new  habit  of  standing  more 
upright,  and  apolying  only  as  modi  force  as  it  reqmres,  the 
labour  of  the  pull  becomes  less  than  that  of  running  the  car- 
riage in  and  out ;  and  men  who  are  accustomed  to  the  inm 
presses  only,  would  be  scarcely  aUe  to  go  through  the  w<nk 
of  the  old  press. 

Mr.  De  Ja  Haine  has  a  patent  for  a  Stanhope  press,  which 
answers  extremely  well ;  the  only  material  alteration  is,  that 
he  has  substituted  a  spiral  or  curved  inclined  plane  in  place 
of  the  screw,  which  is  fibced  to  the  head  of  the  press ;  and 
a  cross-arm  properly  formed,  and  fixed  on  the  uppeT  end  of 
the  spindle,  which,  standing  in  place  of  the  screw,  acts  against 
the  fixed  inclined  plane.  The  action  is  very  nearly  the  same 
as  the  screw,  except  that  the  surfaces  admit  of  being  made 
of  hardened  steel,  and  thus  diminish  the  friction  very  much. 
The  inventor  of  this  for  the  common  press  was  Mr.  Boworth; 
but  Mr.  De  la  Haine  has  combined  it  with  the  levers  and  iron 
frame  of  the  Stanhope  press. 

A  common  press,  of  great  simplicity,  and  possessing  the 
same  advantage  in  point  of  power  as  Lord  Stanhope  gains  by 
the  compound  levers,  has  been  produced  by  Mr.  Medhurat, 
of  Denmark-street,  Soho. 

6.  In  November  1813,  Mr.  John  Ruthven,  of  Edinburgh, 
took  out  a  patent  for  an  improvement  in  the  printing-press, 
which  differs  from  those  heretofore  used  in  the  following 
particulars: 

First,  The  types,  plates,  blocks,  or  other  surfaces  from 
which  the  impression  is  to  be  taken,  instead  of  being  situated 
upon  a  running  carriage,  as  was  formerly  the  practice,  are 
placed  upon  a  stationary  platform  or  tablet,  whidi  is  provided 
with  the  usual  apparatus  known  to  printers  by  the  names  of 
tympan  and  frl^ket,  with  points,  &c.  to  receive  the  sheet 
m  paper  and  convey  it  to  its  proper  situation  on  the  types 
after  they  had  been  inked. 

Secondly,  The  machinery  by  which  the  power  for  the 
pressure  is  produced,  is  situated  immediately  beneath  this 
platform  or  tablet ;  and  the  platen  or  surface  which  is  op- 
posed to  the  fiice  of  the  types,  to  press  the  sheet  of  paper 
against  them,  can  be  brou^t  over  the  types,  and  connected 
at  two  opposite  sides  or  ends  with  the  nuu^inery  beneath  the 
tablet ;  by  this  machinery  it  is  so  forcibly  pressed  or  drawn 
down  upon  the  paper,  which  lays  upon  the  types,  as  to  give 


ANl>  MACHINIST.  899 

the  inttpieactop;  which  being  thus  made,  the  platen  can  be 
disunited  from  Uie  machinery^  and  removed  from  oS  the  types 
by  the  foot,  or  otherwise,  to  take  out  the  paper,  and  introduce 
afresh  shc«t. 

Thirdly,  The  said  machinery  for  producing  the  pressure  is 
a  combinaftion  of  levers,  actuated  by  a  crank,  or  snort  lever, 
turned  by  a  winch,  or  handle,  to  which  the  pressman  applies 
by  his  hand ;  or  the  pressure  may  be  produced  by  the  tread 
of  the  foot. 

Fig.  299  is  a  horizontal  plane ;  fig.  900,  a  vertical  section 
taken  through  the  middle;  and  fig.  301,  an  end  view;  the 
same  letters  of  reference  being  used  in  each. 

A  A  represent  the  tablet  or  sarface  upon  which  the  types^  &c.  are  laid,  its 
surlhce  traty  fiat,  and  may  be  made  of  wood,  stone,  or  metal,  or  any  other 
sabstanoe  i»ed  for  the  carriage  of  printing-presses.  This  tablet  is  mounted 
upon  a  frame  of  wood  or  metal,  consisting  of  legs  B  B,  and  cross  braces 
CC,  or  any  oUier  kind  of  support  maybe  used  which  will  firmly  sustain 
the  tablet  at  a  pro^  height  from  the  ground.  The  Ublet  has  a  ^pan, 
8  and  0,  joined  to  it  at  the  end,  9,  in  the  usual  manner,  and  open  into  the 
position  of  the  dotted  lines  10,  to  take  off  or  put  on  the  sheet  of  paper, 
which  is  confined  by  the  frisket,  11,  in  the  usual  manner ;  the  dotted  lines, 
12,  represent  the  gallows  or  support  for  the  tympan  and  frisket  when 
opened. 

For  fiistening  the  types  upon  the  tablet,  or  what  the  printers  call  making 
register,  quoins  or  weages  may  be  introduced  at  the  angles,  in  the  usual 
manner;  but  a  preferable  method  is  to  have  screws  13, 13,  fitted  through 
pieces  which  are  made  fast  to  the  sides  of  the  tablet,  and  between  the  points 
of  these  screws  the  diase,  or  frame  of  types,  is  held  steady  upon  the  tablet, 
and  may  be  adjusted. 

Beneath  the  tablet  are  the  levers  marked  D  £,  D  £,  their  fulcrums,  or 
fixed  centre-pins,  being  at  D,  and  they  act  upon  double  hooks  or  clutches, 
F  F.  When  the  ends  £  are  depressM  by  means  of  the  third  lever  I G, 
situated  beneath  and  common  to  both,  the  connection  being  made  with  the 
link  a,  the  fiilcrum  of  the  lever  is  at  G ;  and  H  is  a  third  point  to  whidi 
the  poiver  to  actuate  it  is  applied  by  a  connecting  rod  K,  the  opposite  end 
of  which  is  joined  to  a  crank  or  short  lever  L  M,  situated  upon  an  axis  or 
spindle  L,  vmich  extends  to  the  front  of  the  machine,  and  nas  a  winch  or 
handle  N,  fig.  299,  upon  it,  for  the  pressman  to  turn  it  by. 

The  platen  of  the  press  is  shown  al  O  O ;  it  may  be  made  of  wood  or 
iron,  as  usual,  but  mast  be  exactly  true  on  the  lower  surfiice,  which  applies 
to  ^  face  of  the  types  b  b,  upon  the  tablet  A  A.  On  the  top  of  the  platen 
is  a  strong  metal  bar  P,  whioi  may  be  either  cast  in  one  piece  vrith  it,  or 
united  to  it  by  screws  at  rr;  at  its  extremities  it  has  bolts  dd,  fixed  to  it 
by  screws  or  otherwise ;  and  at  their  lower  ends  they  must  have  heads 
which  are  exactly  fitted  to  the  clutches  or  double  hooks  F  F,  before  de- 
scribed. By  means  of  tl»ese  the  platen  is  connected  with  the  lever  D  £,  D  £, 
so  Aat  a  pressare  may  be  produced  when  the  handle  N  is  turned  in  the 
direction  shown  by  the  arrow  in  fig.  300.  This,  by  turning  the  lever  M 
about  upon  its  centre  L,  pushes  the  rod  K,  which  acting  upon  the  point  H 
of  the  lever  G  H  I,  moves  it  upon  its  centre  G,  and  depresses  the  point  I, 
whidi  beirig  connected  with  the  extremities  E  of  the  levers  D  E,  by  the 
link  a,  diey  aie  made  to  partake  of  its  motion,  and  dtaw  down  the  platen 
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upon  the  types  by  the  dutches  F  F,  and  hooks  diL  By  retamtng  the  ^ineh 
N  to  its  original  position,  the  pressure  is  relieved,  and  the  platen  may  be 
removed  from  the  types  thus  : — At  the  end  of  the  bar  P,  two  springs,  e  e, 
figs.  299  and  301,  are  fixed ;  and  in  the  ends  of  these  rollers  or  wheels, 
marked/,  are  fitted  to  revolve  freely  upon  their  centre-pins.  These  wheels, 
having  grooves  in  their  edffes,  run  upon  sharp  angles,  formed  upon  the 
upper  edge  of  the  two  rails  K  R,  which  are  extended  across  the  frame  of  the 
press,and  project  sufficientljr  behind,  as  in  fiffs.  299  and  301,  being  supported 
oy  brackets  g,  of  fig.  301,  if  necessary.  Upon  these  bars  and  whecfis  (or 
sliders  may  be  used  instead  of  wheels)  the  platen  will  run  freely,  to  remove 
it  backwards  and  forwards  off  the  types,  but  when  brought  over  them  the 
bolts  d  d  will  enter  the  clutches  F  F,  r^y  to  receive  the  action  of  the  levers, 
and  give  the  pressure  upon  the  tympan. 

The  springs  e  are  so  adjusted,  that  when  the  platen  runs  backwards  or 
forwards  upon  the  rails  R,  the  under  surface  of  it  will  be  sufficiently  raised 
above  the  tympan  to  run  clear  of  it;  but  when  the  hooks  dd  and  F  F  are 
united,  and  the  pressure  given  by  turning  the  handle  N,  these  springs  yield, 
though  they  have  sufficient  strength  to  raise  up  the  platen  clear  of  the 
tympan,  the  instant  the  pressure  is  relieved. 

lo  draw  the  platen  forward  over  the  t3rpes,  a  handle  h  is  fixed  upon  it, 
for  the  pressman  to  take  hold  by ;  but  it  may  be  brought  by  the  foot,  in  the 
following  manner :  the  two  foremost  wheels,  //,  have  links,  k  k,  jointed 
to  their  centre-pins,  to  connect  them  with  the  upper  ends  of  the  two  long 
levers  m  m,  which  are  fixed  to  one  common  axis  n,  fig.  300,  extending  across 
the  whole  machine,  near  the  ground ;  upon  the  axis  a  short  lever  o,  fig.  301, 
is  fixed,  and  a  rod  g  unites  it  to  the  end  of  the  bent  lever  r  i,  the  arm  s  of 
which  is  made  broad,  to  serve  as  a  paddle  for  the  foot ;  by  depressing  this, 
the  arm  r  draws  the  short  lever  o,  and  the  long  lever  m  m  causes  the  platen 
to  advance  truly  parallel,  and  come  up  to  the  clutches  FF. 

To  make  all  the  work  compact,  the  centres  D  D  of  the  great  levers,  and 
of  the  lower  lever  G,  as  well  as  the  pivots  L  of  the  winch  N,  are  all  sup- 
ported in  one  frame  composed  of  two  metal  cheeks  S  S,  which  are  situated 
Deneath  the  table,  and  united  thereto  by  screws,  or  otherwise,  as  shown  by 
the  dotted  line  in  the  plan,  fig.  299. 

The  power  of  the  press  will  depend  upon  the  proportion  of  the  difierent 
levers,  and  the  relation  between  the  space  descnbea  by  the  motion  of  Uie 
handle  N,  and  the  descent  of  the  platen  O ;  but  it  should  be  observed,  that 
the  power  of  this  press  increases  as  the  handle  descends  to  the  horizontal 
-position  shown  in  fig.  300;  first,  because  the  handle  is  then  in  the  most 
favourable  position  to  receive  the  workman's  body ;  secondly,  the  lever  L  M 
comes  to  a  position  which  gives  it  a  great  power  to  force  the  rod  K,  viz.  as 
is  shown  by  the  dotted  line  L  2,  for  when  the  lever  and  rod  come  to  one 
straight  line,  its  power  to  force  the  rod  K  may  be  considered  as  infinitely 
great ;  thirdly,  the  lever  G  H  is  in  the  most  favourable  position,  marked  G  2,  to 
receive  the  action  of  the  rod  K,  viz.  perpendicular  to  it;  fourthly,  the  lever 
G I  is  in  a  position  to  have  greater  power  on  the  links  a  and  the  levers  D  £, 
than  when  it  is  in  a  horizontal  position.  All  these  sources  combined  have 
the  best  effect  in  saving  time,  and  at  the  same  time  producing  immense 
pressure ;  for  when  the  pressure  first  takes  hold  of  the  handle  N,  it  acts  but 
with  little  advantage  with  respect  to  power  on  the  levers,  and  therefore 
brings  the  platen  down  very  quickly  upon  the  tympans,  with  little  loss  of 
time  or  motion,  till  they  have  assumed  positions  in  which  they  exert  more 
powerful  action  upon  esich  other,  as  above  stated ;  and  this  action  continues 
to  increase  until  the  lever  L  M  and  rod  K  come  nearly  into  a  line,  when  the 
power  is  immensely  great,  and  cau^able  of  producing  any  re<)uired  pressu^ 
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which  the  patts  of  the  press  will  withstand  without  yielding.  The  handle  N  is 
made  to  come  to  a  stop,  or  rest,  which  prevents  its  moving  &rther  than  the 
position  of  the  dotted  lines,  and  therefore  regulates  the  degree  of  pressure 
given  upon  the  work.  But  to  give  the  means  of  increasing  or  diminishing 
Uie  pressure  at  pleasure  for  different  kinds  of  work,  the  centre  hole  of  the 
pin  H  is  made  in  a  piece,  which  is  fitted  in  a  groove  in  the  rod  K ;  therefore 
ij  sliding  it  in  the  groove,  it  has  the  same  effect  as  lengthening  the  rod, 
which  pToiduces  a  greater  descent  of  the  platen  when  the  hsmdle  is  brought  to 
a  stop ;  a  screw,  t ,  is  fitted  into  the  end  of  the  groove,  to  screw  the  packing 
tight  in  the  groove,  and  prevent  it  getting  loose  in  working. 

Another  method  of  producing  the  same  effect  is  to  adjust  the  nuts  which 
are  fitted  on  the  screws  at  the  top  of  the  bolts  dd;  or  it  may  be  done  by 
loosening  the  screws  at  r,  and  fitting  packing  between  the  fitting  of  the 
platen  and  the  bar  P ;  the  same  may  be  done  to  adjust  the  platen  parallel,  if 
It  prints  more  at  one  part  than  another. 

Springs  may  be  applied  to  take  off  all  shake  or  loosenesses  in  the  joints ; 
it  may  he  done  in  different  ways :  a  strong  spring  may  be  fixed  beneath  the 
tablet,  and  act  upon  the  clutch  F,  to  lift  it  up,  and  keep  the  joint  tight ;  or 
one  small  spring  may  be  fixed  on  the  lever  D  £,  (as  shown  on  the  opposite 
side,)  to  lift  tlie  clutch  F,  and  another 'being  fixed  to  the  lever  beneath,  and 
resting  at  the  end  upon  a  pin  in  the  frame,  will  lift  up  the  lever  and  link  a, 
to  keep  them  all  ught  for  working.  If  it  be  thought  objectionable  for  the 
rod  K  to  push  endways  on  the  levers,  it  may  be  contrived  to  draw  or  pull, 
by  placing  the  lever  M  above  the  spindle  L,  instead  of  beneath  it,  and  also 
reyening  the  form  o{  the  lever  G  HI ;  the  points  G  and  H  to  remain  as  they 
are,  but  the  point  I  to  be  on  the  opposite  side  of  the  centre,  viz.  above  it ; 
and  with  this  alteration  the  drawing  of  the  rod  K  will  produce  the  pressure^ 
instead  of  pushing  it,  as  in  the  figure. 

Fig.  302  shows  another  arrangement  of  the  lever  for  a  press.  In  this 
figure  the  same  letters  are  used  to  denote  the  same  parts,  thus :  A  is  the 
tablet,  D  £  the  levers,  F  the  clutches,  O  the  platen,  P  the  cross-bar ;  the 
ends  E  of  the  levers  are  connected  by  a  link  a,  vrith  a  third  lever  T  W,  whose 
centre  or  fulcrum  is  at  V ;  the  power  is  applied  to  the  long  end  by  a  chain  t, 
which  is  condncted  over  a  pulley  or  roller  o,  and  wound  upon  a  wheel  u;, 
which  is  fixed  upon  the  axle  of  the  handle  to  work  the  press.  To  give 
greater  power,  the  wheel  may  be  formed  Uke  a  spiral,  instead  of  circular, 
thai  the  chain  may  lay  upon  a  shorter  radius  when  the  pressure  is  produced. 

7.  Within  these  few  years^  numerous  and  great  improve- 
ments have  been  made  in  printing-presses ;  but  the  best  that 
we  have  seen  is  the  invention  of  Messrs.  Bacon  and  Donkin, 
who  exhibited  it  before  the  universitjr  of  Cambridge^  by  whom 
it  is  now  employed  in  the  printing  of  bibles  and  prayer-books. 

Messrs.  Bacon  and  Donkin's  press  consists  in  adapting 
the  types  to  be  fitted  upon^  and  form  the  surface  of  a  prismatic 
roller,  stich  as  a  square,  pentagon,  hexagon,  octagon,  or  other 
figure,  and  mounting  this  in  a  frame,  with  the  means  of  turn- 
ing it  round  upon  its  centres ;  a  second  roller  is  applied  in 
siuch  a  manner,  that  its  surface  will  keep  in  contact  with  the 
surfiuse  of  the  types,  which  are  inked,  and  the  machine  being 
put  in  motion,  the  paper  which  is  to  be  printed  is  passed 
through  and  receives  the  impression.    The  types  arc  inked 
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by  a  cylinder  which  is  applied  to  revolve  widi  its  surfiuse  iu 
contact  with  them.  By  this  invention,  the  advantages  of 
types  between  rollers  are  obtained,  although  the  types  are 
imposed  upon  plain  surfaces. 

Fig.  303  contains  a  penpeetive  view  of  a  machine,  the  prism  A  of  which  is 
square  in  its  section,  and  has  the  ordinanr  types  or  letter>press  appiied  upon 
its  four  sides,  and  firmly  attached  to  it.  Tlie  pivots  at  the  end  of  the  axis  of 
this  prism  are  supported  in  the  frame  B  B,  and  it  is  caused  to  revolve  by  a 
connection  of  wheel-work  D  £  and  F  G,  irom  the  winch  and  fly-wheel  at  IL 
The  types  upon  its  sur&ce  are  caused  to  print  upon  the  paper  by  means  of 
a  second  roller  I  i,  called  the  platen,  placed  immediately  beneath  the 
former,  and  its  surface  being  formed  to  a  particular  curvature,  produced  by 
four  segments  of  cylinders,  its  ciicumference,  when  it  turns  round,  will  always 
apply  to  the  surfece  of  the  types,  and  thus  a  sheet  of  paper  being  introduced 
between  them,  will  receive  the  impression.  The  ink  is  applied  to  the  types 
by  means  of  a  cylinder  K  K,  placed  above  the  prism ;  it  is  composed  of  a 
soft  elastic  substance ;  and  that  its  surface  may  always  apply  to  the  tfpes, 
its  spindle  is  fitted  in  pieces  L  L,  which  moving  upon  an  axis  n,  permit  the 
cylinder  to  rise  and  &n,  to  accommodate  itself  to  the  motion  of  the  types. 
The  ink-cylinder  receives  its  ink  from  a  second  cylinder  M  M,  which  is 
called  the  distributing^roller,  also  composed  of  a  soft  substance,  and  is  sup- 
plied with  ink  by  a  third  ink-roller  N  N,  which  is  made  of  metal,  and 
extremely  true.  The  ink  is  lodged  in  quantity  against  this  roller  upon  a 
steel  plate  O  O,  the  edge  of  which  being  placed  at  a  very  small  distance 
fi^m  the  circumference,  permits  the  roller,  as  it  revolves,  to  cany  down 
a  very  thin  film  of  ink  upon  its  surface,  and  this  being  taken  off  by  the 
distributing-roller,  is  applied  to  the  surfoce  of  the  inking-cylinder,  which,  as 
before  mentioned,  inks  tne  types. 

The  sheet  of  paper  is  introduced,  as  shown  in  the  figure,  by  placing  it 
upon  a  blanket,  wnich  is  extended  upon  a  feeding-board  P  P,  and  drawn 
into  the  machine  at  a  proper  time,  by  having  a  small  ruler,  2,  fixed  to  it. 
The  ends  of  this  are  taken  rorwatd  by  two  studs  6,  attached  to  endless  diains, 
which  are  extended  from  the  wheels  e,  e,  at  the  end  of  the  platen,  to  other 
wheels  d,  d,  which  are  supported  in  the  frame  of  the  feeding-boainl.  Tbe 
wheels  «,  e,  having  teeth  entering  the  links  of  the  chains,  cause  them  to 
traverse  when  the  machine  is  turned  round,  and  at  the  proper  time  the  pins, 
bf  draw  the  ruler,  2,  and  blanket  forward,  and  introduce  tbe  paper  into 
the  machine,  and  by  passing  between  the  prbm  and  platen  it  is  printed,  as 
before  mentioned.  This  is  we  general  action  of  the  machine ;  and  we  ahaU 
proceed  to  detail  the  structure  of  the  several  parts. 

The  type  is  composed,  and  made  up  into  pages,  in  the  usual  manner ;  the 
pages  are  then  placed  in  frames  or  gallies  a,  a,  and  listened  by  the  screws 
at  the  ends,  the  shape  and  size  of  the  gallies  being  adapted  to  the  size  of  the 
page  it  is  intended  to  print.  These  gallies  are  attached  to  the  four  sides  of 
the  central  axis  of  the  prism  by  the  screw-clamps  1,  the  edges  of  the  gaUies 
being  mitred  together.  By  rdUeving  the  clamps,  the  gaUies  can  quickly  be 
removed,  and  others  put  in  their  places.  The  platen  1 1  is  composed  of 
four  segments  of  cylinders,  t  i,  which  are  attached  to  the  different  sides  of  the 
central  ws  I,  bv  means  of  screws,  and  these  segments  being  proportioaed 
to  the  prism,  will  be  the  true  figure  for  the  platen  to  produice  the  required 
motion,  so  that  the  surface,  when  it  revolves,  will,  ia  all  positions,  preaerve 
an  accurate  contact  with  the  sur&ce  of  the  types.  The  two  wheels  D,£; 
which  cause  the  prisni  and  platen  to  accompany  each  other,  are  fonoed  to 
correspond  with  the  two.    Thus  the  upper  wheel  D  is  square,  with  ita 
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ftttgles  toQfidttd  off,  and  tbe  pitch  or  geometrical  outfine  is  exactly  of  the 
sasne  sixe  as  the  square  fonned  by  the  surfaces  of  the  types.  Hie  lower 
wheel  £  is  of  the  same  shape  as  the  platen,  and  its  pitch-line  the  exact 
size  of  the  snr&oe  thereof.  Inese  wheels  being  cut  into  teeth,  as  the  figure 
shows,  will  turn  each  other  round,  and  make  their  surfaces  at  the  point  of 
contact  exactly  correspond  in  their  motions,  so  as  to  hare  no  shding  or 
slipping  upon  each  other.  To  regulate  the  pressure  upon  the  paper,  the 
bearings,  in  which  the  pifots  of  the  platen  are  supported,  can  be  elevated 
by  screws,  3,  and  its  sumce  will  press  with  more  force  wpon  the  types ;  but 
that  this  may  not  derange  the  acuon  of  the  wheels  D  and  E,  universal  Joints 
are  applied  in  their  axles,  at  R.  The  inking-cylinder  K  is  caused  to  pre- 
serve its  proper  distance  nom  the  centre  of  the  prism  by  wheels  S,  fixed 
upon  its  axis,  and  resting  upon  shapes  T,  fixed  upon  the  axis  of  the  prism. 
Each  of  the  shapes,  like  the  wheel  D,  has  four  flat  sides,  corresponoing  in 
size  with  the  surfaces  of  the  types ;  the  angles  are  rounded  to  segments  of 
a  circle  from  the  centre ;  the  wheels  S  are  of  the  same  size  as  the  inking- 
cylinder,  therefore,  as  they  rest  upon  the  shapes  T,  they  prevent  the  ink- 
cylinder  passing  upon  the  types  with  any  more  than  a  sidlcient  force  to 
commumcate  the  ink  without  blotting.  The  inking-cylinder  is  turned  round 
by  a  cog-wheel  N,  upon  die  extremity  of  the  axis  of  the  prism,  which  is  of 
the  same  shape  as  tne  wheel  D,  and  engages  another  wheel,  W,  upon  the 
end  of  the  spindle  of  the  inkine-cylinder ;  the  latter  wheel  likewise  gives 
motion  to  the  distributing-roller  oy  a  pinion/,  and  this  again  turns  the  ink- 
roller  by  a  third  pinion  g,  fixed  upon  the  end  of  its  axis  n,  which  is  sup- 
ported upon  beanngs  B,  B,  in  the  firame.  The  pieces  I^  L,  which  support 
the  pivots  of  the  di^buting-roller  and  inkine-cylinder,  are  fitted  upon  the 
aads  ji  of  the  inking-cylinder,  so  as  to  rise  and  fall  upon  its  centre ;  and  the 
distances  of  the  rollers  being  thus  kept  invariably  the  same,  their  circum- 
ffeKnces  are  kept  accurately  in  contact,  to  communicate  the  ink  to  each 
other.  The  steel  plate  O,  which,  as  before  mentioned,  regulates  the  quantity 
of  ink  that  the  roller  N  shall  take  round  with  it,  is  supported  by  a  piece 
extended  across  the  fixed  frame  BB.  There  are  pieces  of^  metal  fixed  upon 
this  plate  by  thumb-nuts,  which  prevent  the  ink  flowing  off  at  the  ends,  and 
&ey  enter  into  grooves  formed  round  the  ink-roller  N,  near  its  ends.  The 
nathine  is  put  in  motion  by  the  handle  with  the  fly-wheel  H,  and  this  has 
a  small  wheel  G,  turning  a  large  one  F,  upon  the  end  of  the  axis  b. 

Tbe  frame  supporting  the  feeding-board  P  consists  of  two  rails,  X,  fitted 
upon  the  axis  or  the  platen,  and  supported  at  the  opposite  ends  by  a  brace 
from  the  framing ;  they  sustain  the  pivots  of  the  wheels  d^  d^  for  the  dmins  ; 
»  are  two  rulera  fixed  at  each  side  of  the  feeding-board,  and  forming  a 
lodgment  for  the  ends  of  the  ruler  2,  which  is  attached  to  the  blanket,  and 
it  sudes  upon  these  when  it  is  advanced  Iw  the  chains.  Tbe  spaces  on  the 
platen  between  the  segments  t,  I,  are  all  filled  up  by  pieces  of  wood, 
except  one,  and  in  this  space  tlie  ruler  is  received  when  it  passes  through 
the  machine.  In  the  inteiral  when  the  spaces  between  the  types  are  passing 
over  the  sheet,  and  therefore  leave  the  margin  between  the  pag^  o^  printing, 
the  paper  is  not  held  between  the  rollers;  but  to  prevent  it  from  slipping 
during  this  intervsd,  the  blanket  and  paper  are  pressed  down  upon  the 

^i^,^^.^  ^t 1  — i^rA  £11 '     .1 1-aA.  t-j *i A-  1   f  1 At^ 


pieces  of  wood  whidi  fill  up  in  the  platen  oetween  the  segments  i,  t^  by  the 
weight  of  smalt  rollers  or  wires  4,  supported  by  cocks  5,  projecting  finom 
the  axis  Of  the  prism,  and  being  fitted  into  the  slits  at  the  end  of  these  cocks. 
The  wires  are  at  liberty  to  rise  and  fall  by  their  own  weieht ;  thus,  when 
they  are  at  the  upper  part  of  the  revolution,  they  fail  into  ue  spaces  at  the 
ai^le  of  the  prism,  between  the  pages  of  the  types,  and  thus  escape  the  ink- 
cylinder  ;  but  when  tbey  are  at  the  lower  part  of  their  revolutioir,  they  fall 
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Upon  the  paper,  and  press  it  with  sufficient  force  upon  the  pieces  of  wood 
in  the  platen  to  carry  the  paper  forward  at  the  interral  when  tiie  types  do 
not  act  upon  it,  and  of  course  while  the.  space  between  the  pages  of  the 
printing  is  passing  through. 

The  operation  of  printing  being  very  delicate,  and  requiring 
great  accuracy,  the  machme  is  provided  with  many  adjust- 
ments to  make  it  act  correctly,  which  are  as  follows  : — ^The 
segments  t,  t,  upon  the  platen-roller,  are  attached  to  the 
central  axis  I,  by  three  screws  at  each  end ;  the  two  middle 
ones  of  these  (represented  with  square  heads)  draw  the  seg- 
ments down  upon  the  central  axis,  whilst  the  others  (which 
are  turned  by  a  screw-driver)  bear  them  off;  therefore,  by 
means  of  these  screws,  the  segments  can  be  accurately  ad- 
justed, till  they  are  found  by  experiment  to  apply  correctly 
to  the  types,  and  make  an  equal  impression  on  all  parts  of 
the  sheet.  To  render  the  whole  impression  greater  or  less, 
the  screws,  3,  beneath  the  bearings  of  the  platen-roller,  are 
turned  as  before  mentioned.  The  degree  of  pressure  with 
which  the  ink-roUer  bears  upon  the  types  is  regulated  by 
increasing  or  diminishing  the  size  of  the  shapes  T,  which 
support  its  weight.  And  to  render  these  capable  of  adjust- 
ment, each  is  composed  of  four  pieces,  marked  6,  attached  by 
screws,  7^  ^  &  central  piece,  or  wheel,  which  is  fixed  upon 
the  axis ;  and  as  the  edges  of  these  pieces  form  the  ouuine 
of  the  shape,  they  admit  of  being  adjusted  by  other  screws  to 
a  greater  or  less  distance  from  the  centre,  and  of  course  may 
be  made  to  bear  up  the  ink-cylinder  till  the  pressure  on  the 
types  is  equal  throughout  the  whole  surface,  and  sufiBicieiit 
to  supply  the  ink  properly.  The  ink-cylinder  is  adjustable 
as  to  its  pressure  against  the  distributing-roller,  and  for  this 
purpose  the  bearings  A,  which  support  the  cylinder,  are  fitted 
upon  the  pieces  L,  to  slide,  being  capable  of  regulation  by 
means  of  screws.  In  a  similar  manner,  the  distributing- 
roller  can  be  adjusted  to  a  proper  distance  from  the  inldng- 
cylinder.  The  plate  o  can  be  adjusted  for  the  distance  from 
the  ink-roller  N,  by  screws  p^  fastened  by  thumb-nuts ;  tlua 
regulates  the  degree  of  colour  the  impression  will  have,  by 
permitting  the  roller  N  to  take  more  or  less  ink ;  behind  the 
inking-cylinder  K,  a  rubber,  or  scraper,  is  placed,  to  press 
very  lightiy  against  the  cylinder,  and  to  prevent  the  ink 
accumulating  m  rings  round  the  cylinder,  it  is  fitted  upon 
centres,  and  held  up  by  a  lever  which  is  suspended  by  a 
catch  y,  at  the  end  of  the  piece  L.  This  catdi  is  withdrawn 
when  the  machine  is  not  at  work,  and  then  the  scraper  falling 
down  upon  its  centre,  does  not  touch  the  cylinaer.     It  is 
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ntoeoNtfy  tliaft  the  wheels  D  and  £  Bhould  be  placed  upon 
theiv  asdfl,  m  such  a  poaitioii  that  their  curvature  will  cor- 
respond wiA  the  cmrature  of  the  prism  and  platen.  For 
this  porpose  the  uniFersel-joint  A  is  fitted  upon  the  axis  /, 
of  the  raedj  with  a  round  part,-  that  it  may^  turn  on  it.  A 
piece  of  nseUJy  r^  is  fixed  fast  upon  the  spindle  I,  and  has 
a  hole  in  it  for  the  reception  of  a  toot^  s,  which  is  screwed 
fiut  upon  ihe  uniyersal-joint ;  then  two  screws  being  tapped 
through  the  sides  of  the  piece  r^  press  upon  the  end  of  ^^  an<{ 
hj  fondng  it  either  way,  will  adjust  the  wheel  with  respect 
to  the  platen  till  they  exactly  correspond  |  another  sirailai^ 
ad/ostment  may  be  apptied  to  the  upper  axis. 

Hie  manner  of  forming  the  ink  and  distributing  rollers 
with  an  elastic  substance  is  worthy  of  particular  notice. 
Leather  stuffed  in  the  manner  of  a  cushion  was  first  used^  bu£ 
did  not  succeed,  because  it  became  indented  with  the  types ; 
but  after  many  trials,  a  composition  of  gluey  mixed  with 
treacle,  was  found  to  answer  perfectly.  The  roller  is  made 
of  a  copper  tube,  covered  with  canvass,  and  placed  in  a 
mould,  which  is  a  cylindrical  metal  tube,  accurately  boredL 
and  oiled  withinside  f  the  melted  composition  is  then  poured 
out  into  the  qwce  of  the  mould,  and  when  cold,  the  whole  is 
drawn  out  oi  it^  with  the  glue  adhering  to  the  copper  tube^ 
and  forming  an  accurate  cylinder  without  any  fuirther  trouble. 
The  composition  will  not  harden  materially  by  the  exposure 
to  aio  nor  does  it  dissolve  by  the  oil  contidned  in  the  ink. 
This  machine  is  well  adapted  to  print  firom  stereotype  plates^ 
which  the  universities  have  adopted  for  their  biblesimd  prayer-' 
books. 

BRAHtAtf^S  BANR-NOtB  I^RBSS. 

8;  It  was  formerly  the  custom  in  the  Bank  of  England  t^ 
fill  up  the  number  and  dates  of  their  notes  in  vmting,  till  the 
year  1809,  when  the  machine  invented  by  Mr.  Bramah  wa^ 
adopted  for  tins  purpose.  By  this  contrivance,  the  numbers^ 
and  dates  were  inserted  not  only  in  a  more  uniform  and 
elegant  manner,  but  the  labour  was  diminished  to  less  than 
one-sixth  of  what  it  was  before. 

The  copper*plates  from  which  the  words  of  the  notes  are 
printed,  are  double ;  that  is,  they  throw  off  two  notes  at 
a  time  upon  one  long  piece  of  paper.  This  piece  of  paper, 
containing  two  notes,  is  then  put  into  the  machine,  whicH 
prints  upon  them- the  number  and  dates  in  such  a  manner,  that 
the  types  change  to  the  succeeding  number,  and  that  the 
whole  operation  is  performed  without  any  attention  on  the 
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Mrt  of  the  deik.  Hone  of  the  notes^  for  exanmle^  is  N*  1^ 
N^  1^  and  the  other  on  the  mme  psper  N*S01>  N*  901,  ^«iien 
Aese  are  printed  the  machine  idters  itself  to  N**  2,  N^  3,  and 
N®  202,  li*  202 ;  and  in  printing  these,  the  types  i^in  d^ge 
to  N«3,  N«3,  and  N<»lXi8,  N<'203.  The  dbte  and  the  word 
London  are  cast  in  stereotype,  and  each  madiine  is  furnished 
wichone  of  these  for  every  day  in  tiie  year,  andtheyof  oourse 
are  changed  everv  day. 

The  S^nk  of  England  has  upwards  of  forty  of  these  ma- 
ehines,  the  greater  part  of  which  are  in  constant  use.  It  wa» 
ibrmeily  considered  sufficient  labour  for  tadtk  detk  to  fill  up 
tiie  number  twice  repeated,  and  date  twice  repeated,  400  notes 
per  da^ ;  but  since  Uie  introductioo  of  the  miM^hine,  one  cterk 
has  printed  1,300  double  notes,  which  are  equal  to  2,600 
single  ones ;  for  though  in  the  machine  the  double  notes  do 
BOt  require  more  labour  than  single  ones,  yet  to  fill  up  the 
blanks  by  writing  would  occupy  twice  die  lime. 

The  mechanism  by  which  this  is  effected  is  extremely 
ingenious,  and  the  pnnciple  is  not  limited  to  the  numbering 
^  notes,  but  is  equally  a^licable  to  the  purpose  of  printing 
any  series  of  numbers  which  require  continual  alteration.  We 
have  represented  one  of  these  nuichines,  which  is  not^  how- 
ever, precisely  the  same  as  those  in  use,  being  only  a  single 
one,  and  adapted  for  printing  (me  note  at  onee ;  but  we  have 
onlv  to  suppose  it  extended  to  twice  the  length,  and  furnished 
with  a  double  set  of  types,  in  order  to  fit  it  for  printii^  two 
notes  at  the  same  time. 

In  fig.  305,  a  penpectiyeTiew  of  this  machine  will  be  found,  and  aiectioit 
«f  ite  parts  at  ig.  304,  in  both  of  iidiich  the  same  letteis  of  referaDoe  aie 
employed.  A  solid  ^ece  of  mahogany,  A  A,  fonns  the  base  of  the  ma« 
chine,  and  to  this  two  iron  plates,  B  B,  are  screwed,  forming  the  sides  of  a 
bdz,  the  front  of  whidi  is  removed  in  fig.  305,  to  exhibit  the  interior,  and 
die  back  is  concealed  between  the  mechanism*  Across  this  box  an  axis,  D» 
is  placed,  haTing  its  pivots  fixed  into  sockets  which  are  fastened  in  the  sodes 
bf  the  frames  as  is  evident  from  the  figure.  This  aixis  carries  the  tympaa  £, 
whicb  gives  the  pressure  to  print  off  the  note  attaohed  to  ilby  screws ;  and 
a  lever,  F,  is  also  fixed  ta  the  axis,  by  which  the  operator  fi«oes  down  iSbm 
tjrmpan.  The  movable  types,  in  which  the  principal  novelty  of  the  inven- 
tion consists,  are  fitted  into  a  series  of  brass  circles,  mounted  upon  an  axis 
O,  extending  across  the  centre  of  the  frame.  These  circles  are  sufficiently 
pointed  out  in  the  perspective  view,  by  the  numerals  on  the  Ivpes  fixed  iik 
them ;  thejr  are  ten  in  number,  arranged  in  two  lots  of  five  each. 

£adi  circle  (shown  more  plainly  at  I,  fig.  304)  is  divided  into  eleven 
parts,  and  at  each  a  rectangular  notdi  is  cut,  to  receive  the  types  t,  2,  3,. 
4,  5,  6,  7,  8,  9,  0  and  a  bluik  type.  Five  of  the  circles,  thus  prepared,. 
being  placed  side  by  side,  upon  a  fixed  axis,  G,  on  vriii^  they  revolve 
ineely,  are  sufficient  forprinting  any  number  less  than  lOOgOOO ;  beoaussb  s^ 
the  circles  can  bv  turned  about  on  their  axis  independent  ol  each  ocbas. 
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it  is  fAwitMtt  that  any  rgiftl^inalioa  of  tli«  aiwTe  figUMi  nay  be  produced, 
by  brinffuiglliemtothehiftheftpoiDtoftheciieley  whkh  it  the  eUitatioii  in 
which  they  are  to  be  plaoed  when  an  impnesnon  is  to  be  taiteB.  This  will 
be  more  easily  understood,  if  we  consider  that  the  brass  plate  Which  coven 
the  circles  is  put  on  its  place,  as  represented  in  fir.  904,  at «.  This  brass 
plate  has  two  apertures  throuj^h  it,  to  receive  Uie  two  series  of  types 
which  project  up  a  little  above  its  sur&ee  when  at  the  highiest.  In  ^  SOS^ 
tbuiplate  is  removed  to  exhibit  the  interior  mechanism. 

The  dretes  are  made  to  revolve  by  means  of  wheds,H,  npon  an  axis 
called  the  back  axis,  parallel  to  the  axis  of  the  circles.  The  end  ef  it  is  seen 
at  I,  fig.  305,  projecting  through  the  frame,  and  it  carries  three  of  the  wheels 
H,  two  of  which  are  at  the  same  distance  apart  as  the  two  series  of  figure 
citdes  to  vrhidi  they  apply ;  the  third  wheel  is  placed  at  an  intermediate 
distance  between  the  other  two,  and  is  acted  upon  by  a  catch  or  pallet  b, 
fig.  304,  attached  to  the  axis  of  the  tvmpan,  by  means  of  a  joint,  in  such  a 
manner  that  it  will  strike  against  the  hiriiest  tooth  of  the  wheel  H,  and  tiim 
it  round  one  tooth.  When  the  handle  is  lifted  up  rather  heyood  thtf 
perpendiddar,  a  stop  e,  fir.  305,  upon  the  axis,  meeting  a  projection  4/ 
fig.  304,  on  the  cover  of  the  box,  prevents  it  fit)m  moving  fiirther;  but 
when  the  handle  is  returned  down  the  position  of  the  fig.  304,  the  {Mllet, 
lliough  it  again  meets  the  tooth  of  the  wheel,  gives  vray  upon  its  joint,  and 
passes  by  without  moving  the  wheel.  In  this  manner  it  will  be  seen,  that 
every  time  the  handle  is  pressed  down  to  take  an  impression,  in  raising  it  up 
again  to  place  a  firesh  paper  noon  the  tympany  the  pallet  moves  the  wheels  H 
one  toothy  and  as  the  teeth  of  these  wheels  engage  the  teeth  of  the  figure 
circles,  a  similar  motion  is  communicated  to  '^em,  bringing  a  fresh  number 
beneath  the  tympan,  read^  for  printing. 

It  is  to  be  observed,  that  the  wheels  H  are  of  such  a  thickness^  as  to  enM 
gage  only  one  of  the  five  type  circles  at  once,  and  Aeir  distance  from  each 
other  is  such,  that  they  take  the  same  circle  in  the  one  series  as  they  do  in 
the  other.  Now^  by  moving  the  back  axis  a  small  quantitjr  endwise,  it  is 
obvious  that  the  wheel  H  can  be  brouc^ht  to  act  upon  any  of  the  five  circles, 
or  be  placed  in  such  a  position  as  to  be  clear  of  them  ail.  It  is  for  this  pur-^ 
pose  that  the  head  I,  fig.  305,  comes  through  the  frame  of  the  maehme  ^ 
for  by  means  of  this  the  axis  can  be  moved  on  end«  and  by  proper  mark» 
upon  it,  it  may  be  set  to  any  of  the  five  circles.  In  these  positions  it  is  con-' 
fined  by  a  semicircular  clip,  which  enters  grooves  turned  round  on  the  axis, 
and  deprives  it  of  longitudinal  motion,  unless  when  the  clin  is  raised^ 
This  can  be  done  Ij  a  nut  coming  through  the  back  of  the  rrame  at  JL^ 
fig.  304.  It  has  a  shoH  lever  on  the  inside  of  it,  which,  when  the  aatis  turned 
round,  raises  up  the  dip,  and  releases  the  axis  while  it  is  set  to  the  required 
cirde,  and  the  dip  being  let  frill  into  the  proper  groove^  confines  it  from  any 
fiirther  motion.  *• 

In  order  that  all  the  circles  mav  stop  at  the  exact  point,  when  the  figure 
is  at  the  bighest,  and  consequently  wnen  the  suHace  of  the  figure  win  be 
horizontal,  an  angular  •  notch  is  made  on  the  inside  of  the  figure  cirdes, 
in  the  intennediate  spaces  between  each  figure ;  and  at  the  lowest  points  of 
the  drde  e^  fi^.  304,  a  movable  pin  is  fitted  into  the  fixed  axis,  with  a 
spring,  wludi  gives  it  a  contin^ial  pressure  downwards.  The  end  of  the  pin 
18  kfiimed  nberiod,  and  well  polished,  so  that  when  Ae  circle  is  turned 
TODud  itis  Hireed  into  its  hole  m  the  axis ;  but  when  another  notch  in  the 
ciide  pnosenls  itMlf,  the  pin  presses  out  into  it,  and  retains  the  cirde  with 
a  moderate  fiwree  in  its  i»oper  position,  until  the  raising  of  the  tympan,  as 
betwre  described,  overcomes  we  resistance  of  the  pin,  and  turns  the  cirde 
roond.    By  this  contrivance  tiie  types  always  arrange  tiiemselves  into  4 

X  2 
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stndght  line,  aAer  being  turned  rounds  without  which  the  impression  wOaUl 
have  a  very  disagreeabte  and  iiregular  appesjance.  The  tympan  £,  fig. 
304,  is  composed  of  two  parts ;  a  solid  brass  plate,  against  which  a  few 
folds  of  cloth  are  placed  and  secured  by  the  second  part,  which  is  a  brass 
trame  covered  with  parchment,  and  attached  to  the  tormer  by  four  screws, 
two  of  which  appear  at//,  in  fig.  305. 

,The  brass  plate  of  the  tympan  is  fastened  to  the  leaf  Ly  fig.  304,-  nroj/pct- 
ing  from  the  axis  by  means  at  six  screws.  Two  of  these,  only  one  of  wbichf 
h,  can  be  seen  in  the  figure,  tend  to  throw  the  tympan-  from  the  leaf;  while 
the  other  four,  which  are  arranged  one  on  eadi  side  as  the  two  former, 
draw  the  tympan  in  and  leaf  together.  By  means  of  these  screws  thus  act- 
ing in  opposition,  the  tympan  can  be  adjusted  so  as  to  iall  exactly  parallel 
upon  the  type,  and  communicate  an  equal  pressure  to  all  parts  of  the  paper,, 
wnich  is  held  against  the  tympan  by  means  of  a  frisket  of  parchment 
stretched  on  a  frame  which  surrounds  the  tjrmpan,  and  is  movable  on 
joints  at  ik  ik,  fig.  305.  The  frisket  is  cut  through  as  is  represented  by  the 
shaded  parts  in  fig.  305,  in  order  to  expose  the  paper  where  it  is  to  receive 
the  impression  of  the  figures,  and  the  No.  before  the  figures,  and  also  the  im- 
pression of  the  date,  year,  and  place.  The  type  for  these  are  formed  ia 
stereotype,  and  fastened  down  upon  the  surface  of  the  Brass  cover  a^  the 
piece  containing  the  day  and  month  being  changed  every  day.  In  order  to 
nnd  the  proper  position  which  the  paper  should  occupy  upon  the  tympan, 
two  fine  pins  are  fixed  to  project  from  it,  and  are  received  mto  holes  made 
in  the  brass  cover ;  two  dots  are  printed  upon  the  note  from  the  copper- 
plates, and  the  pins  being  put  through  at  these  dots,  ensure  the  figures,  8cc. 
coming  on  their  proper  places. 

The  manner  of  using  the  machine  is  as  follows :  suppose  the  back  axift 
put  so  far  on  end  as  to  be  detached  from  all  the  circles;  the  figure  circles 
arranged  by  hand,  so  that  the  blanks  are  all  uppermost ;  andf  the  proper 
stereotypes  put  in  for  the  date.  The  back  axis  is  then  first  set,  so  that  itsr 
wheels  b  nuiy  take  the  first  five  circles  towards  the  right  hand,  and  by 
moving  the  handle  down  almost  to  touch  the  type,  and  returning  it  up 
aji^ain,  the  pallet  moves  the  wheeb  H,  and  turns  the  two  right-hand  circle3, 
bringing  up  figure  1.  The  clerk  now  inks  the  type  with  a  printer*s  bail, 
opens  the  frisket  sheet  L,  fig.  305,  on  its  hinges,  and  places  the  note 
(already  printed  on  the  copper-plate  press),  against  the  tympan,  the  proper 
place  being  determined  by  the  two  pins,  and  the  dots  printed  on  the  note, 
as  before  mentioned.  He  now  shuts  up  the  frisket  sheet,  in  order  to  con- 
fine the  paper  and  keep  it  clean,  except  in  the  places  where  it  is  to  be 
printed ;  then  by  pressing  down  the  handle  F,  the  impression  is  given ;  and 
on  lifting  it  up  again  it  moves  the  circles  and  brings  up  figure  2.  The  note 
is  now  removed,  a  fresh  one  put  in,  and  so  on,  the  figure  always  changing 
every  time. 

During  this  operation  the  two  ri^ht-hand  circles  act  as  units,  and  adrance 
one  each  time ;  when  9  are  printed  in  this  manner  and  0  comes  up,  the  handle 
is  moved  twice  successively  without  printing,  which  brings  up  a  blank  and 
then  a  1.  The  back  axis  is  moved,  to  act  upon  the  second  circle  upon  the 
right  hand,  which  now  becomes  the  units,  the  first  circle  representing  lens  ; 
by  moving  the  handle  a,  without  printing,  figure  t  in  the  second  circle 
comes  up,  making!  1,  the  next  time  12,  and  so  on  fo  19.  The  first  circle 
IS  now  put  forwards  by  hand,  bringing  up  2  and*  0,  on  the  second  20,  then 
moving  the  handle  to  pass  the  blank,  produces  21,  22,  &c.  to  30,  when  the 
ilrst  circle  is  again  advanced,  bringing  up  4 ;  in  this  manner  the  business 
proceeds  to.  99.  The  back  axis  is  now  shifted  to  the  third  circle,  which  b5 
eomes  units,  the  second  tens,  and  the  third  hundreds ;  the  0  and  blank  of 
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'wrhidh  are  advanced  to  bring  up  1,  0  is  brought  up  in  the  second;  and  the 
machine  itself  brings  up  0  in  the  third ;  after  printing  this  it  changes  to  101 . 
The  process  now  continues  through  the  sucoessi^  hundreds  in  the  same 
manner  as  before  till  999.  The  back  aixis  is  now  shifted  to  the  fourth  circle, 
and  the  threQ  first  must  be  advanced  by  hand  when  they  require  it.  At 
9999  the  back  axis  is  shiftedio  the  fifth  circle,  and  it  wU  serve  to  999,999, 
beyond  yrhich  it  is  not  required  to  print 


PILE-ENGINE. 

Thjs  pUe-eiigine  is  a  machine  by  which  piles  are  driven 
Into  the  ground  for  the  foundation  of  the  piers  of  bridges,  and 
various  other  structuFes. 

The  method  of  driving  a  pile  consists  in-drawing  up  a  very 
heavy  weight,  called  a  ram  or  hammer,  and  by  disengaging  it 
firom  the  machmery  by  which  it  was  r^sed^  letting  it  fall,  by 
the  force  of  gravity,  upon  the  head  of  the  pile.  In  the  most 
«mple  maclunes  the  weight  is  drawn  up  by  men  pulling  a 
cord  over  a  fixed  puQey^  and  when  it  has  attained  a  sufficient 
height  allowing  the  cord  to  slip  from  their  hands,  which  per- 
inits  the  weight  to  descend  with  considerable  force.  The  two 
best  pile-engines  that  we  have  seen  are  those  invented  by 
Mr.  Vaulou6  and  Mr.  S.  Bunce. 

Mr.  Vaulou^*8  pile-engine  may  i>e  thus  described.  A,  fig.  306,  is  a  great 
upright  shaft  or  axle,  on  vrhich  are  the  great /wheel  B,  and  ;the  drum  C, 
turned  by  horses  join^  to  the  bars.  S  S.  The  wheel  B  turns  the  trundle  X, 
on  the  top  of  whose  axis  is  the  fly  O,  which  serves  to  regulate  the  motion,  as 
Fell  as  to  act  ag!|inst  the  horses,  and  to  keep  them  from  falling,  when  the 
heavy  nan  Q  is  discharged  to  drive  the  pile  P  down  into  the  mud  in  the 
bottom  of  the  river.  The  drum  C  is  loose  upon  the  shaft  A,  but  is  locked 
to  the  wheel,  B,  by  the  bolt  Y.  On  this  drum  the  great  rope,  H  H,  is 
^ound ;  one  end  of  the  rope  being  fixed  to  the  drum,  and  the  other  to  the 
fiiUower  G,  to  which  it  is  conveyed  by  the  pulleys  I  and  K.  In  the  fol- 
lower G  is  contained  the  tongs  F,  that  take  hold  of  the  ram  Q,  by  the 
Jtaple  R>  for  drawing  it  up.  D  is  a  spiral  or  fiisee  fixed  to  the  drum,  on 
•which  is  wound  the  small  rope,  T,  that  goes  over  the  pulley  U,  under  the 
nittey  V,  and  is  fastened  to  the  top  of  the  frame  at  7.  To  the  pulley  block 
'V  ifl  hong  the  counterpoise  W,  which  hinders  the  follower  G  from  ao- 
celecattng  as  it  goes  down  to  take  hold  of  the  ram ;  for,  as  the  follower  tends 
tA  acquire  velocity  in  its  descent,  the  line  T  winds  downwards  upon  the 
iusee  upon  a  larver  and  larger  radius,  by  which  means  the  counterpoise,  W^ 
acts  stronger  and  stronger  against  it;  and  so  allows  it  to  come  down  with  only 
a  moderate  and  uniform  velocity.  The  bolt  Y  Jiocks  the  dmm  to  the  great 
.whee^  \iajoa  pushed  upward  by  the  small  lever  2,  which  goes  through  a 
mortise  in  the  shaft  A,  turns  upon  a  pin  in  the  bar  3,  fixed  to  the  great 
wheel  B,  and  has  a  weight  4,  which  always  tends  to  push  up  the  bolt  Y, 
through  the  wheel  into  the  drum.  Lis  the  great  lever  turning  on  the  axisfi^ 
<ftiid  resting  on  the  forcing  bar  5, 5,  which  goes  through  a  hollow  in  the  shaft 
^Ar  and  bears  up  the  little  lever  2. 

Py  tbe  horses  going  round,  the  great  rope  H  is^ound  sibout  the  drum  C^ 
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fuid  the  nm  Q  is  drtwn  up  bv  the  totuai  F«  in  tlus  follower  G,  unlil  Hm 
longi  oome  between  the  incbnea  planes  ^  which,  by  shutting  the  tongs  at 
Ihe  top,  Qpeps  it  at  the  foet,  end  discharges  tlie  ram,  which  fidls  down  be- 
tween the  guides  b  b,  upon  the  pile  P,  and  drives  it  by  a  few  strokes  as  fiur 
jnto  the  mud  as  i^  will  go,  after  whidi  the  top  part  is  sawed  off  dose  to  the 
mnd  by  an  engine  for  that  purpose.  Immediately  after  the  ram  is  discharged, 
Ihe  piece  4,  upon  the  follower  G,  takes  hold  of  the  ropes  a  a,  which  raises 
$b»  end  of  the  lever  I^  and  causes  its  end,  N,  to  descend  and  press  down  the 
forcing  bar  5,  upon  the  little  lever  2,  which,  by  puUinff  down  the  bolt  Y, 
;uDlocks  the  drum  C  from  the  great  wheel  B,  and  then  the  follower  being  at 
liberty  comes  down  by  its  own  weight  to  the  ram,  and  the  lower  ends  of 
the  tongs  slip  over  the  staple  R,  and  the  weight  of  their  heads  causes  them 
.  to  foil  outwsLid  and  shut  upon  it.  Then  the  weight  4  pushes  up  the  bolt 
Y  into  the  drum,  which  locks  it  to  the  great  wheel,  and  so  tne  ram  is 
dravm  up  as  before. 

As  the  follower  comes  down,  it  causes  the  drum  to  turn  backward,  ttad 
jmwinds  Ahe  rope  ftora  it,  whili^  the  horses,  great  wheel,  tmndle,  and  %,  co 
pa  ^ith  an  uninterrupted  motion ;  and  as  the  drum  is  turning  backward,  £e 
/counterpoise,  W,  is  drawn  up,  and  its  rope  T,  wound  upon  the  spiral 
fusee  D. 

There  are  several  holes  in  the  under  side  of  the  drum,  and  the  boU  Y, 
>dways  takes  the  first  of  them  that  it  finds,  when  the  drum  stops  by  the  fidtiag 
pf  the  follower  upon  the  ram ;  until  which  stoppage  the  boh  has  not  time  to 
slip  into  any  of  the  holes. 

The  peculiar  advantages  of  ihia  engine  are,  that  the  Ireight 
/sailed  the  nun,  or  hammer,  may  be  raised  with  the  least 
force ;  that  when  it  is  raised  to  a  proper  hei^t,  it  readily- 
disengages  itself  and  fiills  with  the  utmost  freedom  }  that  the 
Ibrceps  or  tongs  are  lowered  down  speedily,  and  instantly  of 
tbemselves  agidn  lay  hold  of  the  ram  and  lut  it  up. 

Hiis  engine  was  placed  upon  n  barge  on  the  water,  and  so 
was  easily  conveyed  to  any  place  desired.  The  ram  was  k 
ton  weight;  and  the  guides  bb,  hj  which  it  was  let  bJl  Were 
ffO  feet  hL^. 

F^gs.  3&J  and  306  represent  n  side  tmd  front  section  of 
fiufji€^4  pUe-enginef 

The  duef  parts  are  A,  fig<  3d7|  which  Are  two  endless  ropes  of  cbaiiia^ 
^nnected  by  cross  pieces  of  iron,  B,  (Ig.  SOS,)  corresponding  with  two 
/cross  grooves  diametrically  opfiosite  in  the  wheel  C,  (fig.  307,)  into  wfaisji 
Ihey  are  received,  and  by  whidi  means  the  rope  nr  chain  A  ia  cwried 
lound.  F,  H,  Ky  is  a  side  view  of  a  strong  i^oddea  fr4me  movable  on  the 
ions  H.  D  is  a  whed,  o?er  which  the  eham  passes  and  tnms  within  aft  tihe 
top  .ff  the  firame.  It  mores  occasionally  from  F  to  G,  upon  the  centre  H,  and  is 
^efit  in  the  position  F,  b^  the  weight  I,  fixed  to  the  end  K.  In  fig.  309,  !• 
IS  the  iron  ram,  which  is  conneeted  with  the  eiosi  picQee  by  ^  hook  m. 
K  is  a  cylindrical  piece  of  wood  snspeaded  aft  the  nook  aft  O,  whish  by 
sliding  freely  up  the  bflur  that  eonnecU  the  hook  to  the  nun,  alwaya  hau^ 
(be  hook  upright  upon  the  chai^  when  aft  the  bottom  of  the  machine,  m  tin 
position  of  GP  :  see  fig.  307. 

Whenthe  man  atStuni8thenattaljBr«ne-wofk,thennibehigooiiMel0A  to 
|he  chain  and  passing  between  the  guides,  is  drawn  «p  in  a  fMnendatnbr 
)diiectioD^atidwh»itisnearthetopof  die  machine,  the  prdjlecuag  harQ, 
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el  the  hook,  stnkcs  against  a  ctosb  piece  of  wood  at  R,  fig.  307,  aod  co». 
•efiuently  disdiaTgea  the  ram;  while  the  weight  I  of  the  movable  ftame 
ioaCullr  draws  the  npper  wheels  into  the  positioii  ahown  at  F,  mid  keeps 
the  eham  fireeofthe  ram  ia  its  deaeent.    The  hook,  white  descending,  m 


bonomaad  the  ram  stops.    It  then  Idb,  and  agam  oemieets  the hocA  w^ 
the  chaiDf  which  dnnrs  lap  theram  as  heliire. 

In  this  m^ine^  as  well  as  Vaulou£*s,  tlie  motion  of  the 
fint  wheel  is  interrapted,  so  that  very  little  tame  is  lost  in 
the  operation;  with  a  slight  alteration  it  might  be  made  to 
work  with  horses.  It  has  the  advantage  over  Yaulou^'s  en- 
gine in  point  of  simplicity;  it  may  be  originally  constructed 
at  less  expense,  and  is  not  so  liable  to  be  deranged.  Both, 
however,  are  ingenioos  per&nrmances,  and  part  of  their  con- 
struction might  be  admiiageously  introduced  into  other 
machines* 


BORING  MACHINE. 

Thb  boring  machine  is  employed  for  boring  wooden 
pipes  for  the  conveyance  of  water,  and  for  boring  out  the 
metalline  cylinders  used  in  hydraulics,  and  in  pneumatic 
engines. 

The  old  and  common  metliod  of  boring,  is  to  have  a 
horizontal  axis  tamed  round  by  a  mill,  at  the  end  of  which 
a  borer  is  fixed,  and  the  cylinder  is  fastened  down  upon  a 
carriage,  sliding  in  a  direction  parallel  to  its  axis,  and  drawn 
forwards  to  the  borer  by  the  descent  of  a  weight.  The  ob* 
jection  to  this  method  is,  that  any  deviation  from  a  rectilineal 
motion  in  the  carriage,  will  be  transferred  to  the  cylinder, 
and  cause  it  to  be  crooked ;  and  that  the  weight  of  the  borer 
and  its  axb  acting  on  the  lower  ude  only  of  the  cylinder^ 
causes  it  to  cut  away  more  at  that  part,  and  render  the  metal 
of  the  cylinder  of  unequal  thickness.  This  evil,  however, 
was,  in  some  measure,  obviated  by  a  contrivance  of  Mr. 
John  Smeaton,  which  was  a  steel-yard  mounted  upon  a  mova- 
ble whed  carriage,  running  within  the  cylinder.  By  suspend- 
h^  die  weight  of  the  cutter  and  boring-bar  from  it^  the 
machine  was  much  improved,  though  still  very  imperfect. 

A  boring  machine,  for  metal  jC^Unders,  ii^ch  is  not  liable  to  any  of 
Aese  soDToes  of  error,  is  constnicted  in  the  manner  shown.  Fig.  314is  a 
pempeetive  view  of  the  machine  in  the  action  of  boring  out  a  cylinder  for 
a  tteam-engine^  the  other  figures  explain  the  construction  of  its  partSy  sad 
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V  dmm  to  a  scale.  In  ^g.  314,  A  A  denote  two  o«k  groimd  wSl$, 
wUch  are  firndy  bolted  dowm,  parallel  to  eadi  other,  upon  ileepen  let  into 
4he  ground.  At  each  end  of  these  a  T^itical  iron  fkame,  B  B,  m  erected,  to 
support  the  sudgeons  at  the  eod  of  a  long  <^indrical  axis,  D  D,  which  is 
turned  round  by  the  mill.  The  cylinder  L  L^iwhich  is  to  be  bored,  ia  fixed 
immovable  over  the  bar,  and  exactly  concentric  with  it.  A  piece  of  cast- 
iron  &K,  LL^  (fiffs.  310,  318,  and  313,)  called  a  cutterrhead,  slides  upon 
Ihe  axis, and  hasmied into  it  the  knives  or  steetings  ///,  which  perionn 
the  boring.  This  cutter-head  is  moved  along  the  bar  by  nuichinery,  to  be 
hereafter  described ;  by  means  of  which  if,  is  drawn  or  fprced  through  the 
cylinder,  at  the  same  time  that  it  turns  round  with  the  axis  D.  The  Bteel 
cutters  will  necessarily  cut  away  any  protuberant  metal  which  projects 
within  the  cylinder,  in  the  circle  which  tney  describe  by  their  motion,  but 
pannot  possibly  take  any  more. 

The  cylinder  is  held  down  upon  an  adjustable  framing,  which  is  ready 
adapted  to  receive  a  cylinder  or  any  size  within  certain  limits.  Pieces  of 
iron,  £  £^  are  bolted  down  to  the  ground  sills,  having  grooves  through 
them  to  receive  bolts,  which  fasten  down  two  hprisontal  pieces  of  cast-iron 
JF  F,  at  i^ight  angles  to  them.  These  horizontal  pieces  support  foyr  movable 
uprieht  standards  GG,  which  include  the  diameter  of  the  cylinder  LI^ 
whioi  is  supported  upon  blocks,  b  b,  below,  and  held  feist  by  iron  bands  a  a, 
drawn  by  screws  in  the  top  of  the  standards  G  G.  The  cylmder  is  adjusted, 
to  be  concentric  with  the  axis  D  D,  and  held  firmly  in  its  place  hy 
means  of  wedges  driven  under  the  blocks  and  the  standards. 

To  explain  the  me<£anism  by  which  the  cutters  are  advanced,  we 
must  refer  to  figs.  311,  312,  and  313,  by  the  inspection  of  which  it  will 
(be'setn  that  the  axis  D  D  is,  in  feet,  a  tube  of  cast-iron,  hollow  throughout, 
Jt  is  divided  by  a  longitudinal  aperture  c  c,  ^g.  310,  on  each  side.  At  the 
jends  of  it  is  left  a  complete  tube,  to  keep  the  two  valves  together.  The 
,ctttter-head  K  K,  L  L,  consists  of  two  parts ;  of  a  tube  K  fitted  upon  the 
axis  D  with  the  greatest  accuracy,  and  of  a  cast-iron  ring  LL,  fixed  upon 
K  K  by  four  wedges.  On  its  cncumfefvnce  are  eight  notches,  to  receive 
die  cutters  or  steelings  //,  which  are  held  in  and  adjusted  by  wedges. 
Ibc  slider  ^  is  kept  from  slipping  round  with  the  axis,  by  means  of  two 
short  iron  bars  e  e,  which  are  put  through  to  the  axis,  and  received  into 
notches  cut  in  tiie  ends  of  the  sliders  K  K.  These  bars  have  holes  in  the 
middle  of  them  to  pennit  a  bolt  at  the  end  of  die  toothed  rack  L  to 
pass  through*  A  key  is  put  throuffh  the  end  pf  the  bolt,  whidi,  at  tint 
same  titQe^  prevents  the  racji  being  drawn  b^ck,  and  holds  the  cross  bats 
e  e  'u^  their  places.  The  rack  is  moved  by  the  teeth  of  a  pinion  ff ,  and  is 
kept  to  its  place  by  the  roller  O;  the  axis  of  the  pinion  and  roller  bdng 
supported  in  a  firaming  attached  to  the  standard  B  E^  as  shown  in  a  per- 
spective view  of  the  nudiine  in  fig.  314.  The  pinion  is  turned  round  by 
a  lever,  put  upon  the  square  end  of  the  axis,  ajid  load^  with  the  weight 
Ty  that  it  may  have  a  constant  tendency  to  draw  the  cutter  through  the 
cylinder.  Tliis  lever  is  capable  of  beine  put  on  the  square  end  of  the 
axis  either  way,  so  as  to  foree  the  rack  back  iQto  the  cylinder  if  neces* 
sary. 

•  in  some  boring  nachynes,  ai^oih^r  contrivance,  superior  peihaps  to  what 
we  have  now  described,  is  employed  to  draw  the  cutter  through  tbe 
^linder.  It  consists  of  four  small  wheels,  one  of  which  is  fixed  at  the 
nght4iand  extremity,  D,  of  the  bar  D  D,  fig.  314.  Another  pinion  is 
fektened  on  the  extremity  of  an  axis,  analogous  to  the  rack  M,  having  at 
.its  other  extremity  a  small  screw,  which  works  in  a  female  screw,  fixed  io 
fb*  cutter  K  K  at  s^  fig.  310.     Below  the  secgnd  pinion  is  another^ 
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UiAing  '^  ssme  number  of  teeth,  and  fixed  on  a  lioriioiitf  aa^  jpt^ 
nJlel  to  D  D.  At  the  other  end  of  this  axis  is  a  fourth  pinion^  which  is 
drawn  hy  the  first  pinion  at  the  end  of  the  hollow  axis  D  D.  The  first 
pinion  lias  twenty-six  teeih^  the  fourdi  thirty,  and  &e  second  and  third 
maj  have  any  nnmber,  provided  they  are  equal.  As  the  axis  D  revolves, 
the  first  pinion  fixed  on  its  extremity  draws  the^onrth,  which  by  means  of 
the  third,  fixed  on  the  same  axis  with  it,  gives  motion  to  the  second*  The 
second  pinion  being  fixed  to  an  axis  within  D  D,  unscrews  the  screw  at  its 
otiief  extremity,  and  of  course  mak^  the  cutter  advance  along  Ihe  cylinder. 
This  screfir  has  eight  threads  in  gjx  inph,  and  sixty  turns  of  the  axis  are 
re^uoiiea  to  cut  one  inch. 

To  introduce  a  cylinder  into  its  place  in  die  madiine,  it  is  necessary  to 
remove  the  upper  Iwaces,  I  /,  of  the  bearings  upon  the  standards  B  B ; 
and  by  supporting  the  axis  upoji  blocks  placed  under  the  middle  of  it,  the 
standard,  widi  the  pinion  N,  and  roller  frame,  is  removed  by  taking  up  the 
nuts  which  fasten  it  to  th£  ground  sjUs  A  A,  the  rack  M  being  supposed 
pveviously  withdrawn.  A  cutter-block  L,  of  a  proper  size  to  bore  out  the 
intended  cylinder,  is  now  placed  upon  the  slider  K,  fig.  313,.  and  we(j|ged 
fast.  The  cutter-head  is  then  moved  to  the  farther  end  of  the  axis,  and 
the  cylinder  lifted  into  its  place.  Tlie  standard  B  is  returned,  and  the 
4fhole  machine  brought  to  the  state  of  fig.  314,  the  cylinder  being,  by 
estimation,  adjudged  concentric  with  the  axis  D.  Two  bars  of  iron  are 
no V  wedged  Jnto  the  ec  in  the  axis,  and  applied  to  the  ends  of  the 
f^flinder;  while  the  axis  is  turned  round  they  act  as  compasses  to  prove 
the  concentricity  of  the  cylinder.  Small  iron  wedges  are  drawn  round  its 
cylinder  to  adjust  it  with  the  utmost  accuracy;  and  in  this  state  the 
cylinder  is  ready  for  boring. 

The  next  operation  is  felling  the  cutters^  which  are 
fiMtened  into  the  Uock  L  by  wedges^  and  adjusted  b^  turn- 
ing the  axis  lound^  to  ascertain  that  they  all  descnbe  the 
aame  circle.  The  boring  now  commences  by  putting  the 
joill  a^d  axis  in  motion,  and  the  machine  requires  no  atten- 
ik>n9  txcfft  that  the  weight  P  is  lifted  up  as  often  as  it 
descends  by  the  motion  <rf  the  cutters  or  steelings.  When 
the  cutter9  are  drawn  down  through  the  cylinder,  they  ace 
^let  to  a  circle  a  small  quantity  larger,  and  ^returned  through  the 
^linder  a  second  time.  For  common  worH  these  operations 
are  sufficient ;  but  the  best  cylinders  are  bored  many  times, 
in  order  to  bring  them  to  a  proper  cylindrical  surface.  The 
last  operation  i^  turning  the  flanch  n  of  the  cylinder  per- 
fectly flat,  by  wedging  a  proper  cutter  into  the  head.  Thi^ 
is  of  great  importance  to  ensure  that  the  lid  will  fit  perpen- 
dicular to  the  axis  of  the  cylinder.  The  cylmder  is  now 
^n^sbed  and  removed. 

The  accuracy  of  this  machine  depends  on  the  boring  bar, 
X)  D,  being  turned  upon  its  own  gudgeons ;  and  if  it  is  turned 
to  the  same  diameter  throughout,  it  will  certainly  be  per-* 
fectly  strsdght.  While  the  axis  is  in  the  operation  of  turn- 
ing, a  piece  of  hard  wqod  should  be  fitted  into  the  groove? 
fit  tbe  cylinder.    The   slider  K  is  first  bored  out^  an4 
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possible. 

The  elevitioii  of  a  niU  proper  for  noriBg  two  of  these  madtineg,  it 
repreieiited  in  fig.  3t0*  Tlic  pinion  30  it  luppoied  to  be  on  the  axis  of 
a  weter-wheel,  and  tumi  the  two  wheels  60,  60»  which  have  projecting 
asBSy  with  a  oroee-cot  similar  to  the  head  of  a  screw,  as  is  shown,  in  the 
figure. 

The  ends  of  the  boring  axes  have  rimilar  notches,  and  by 
patting  keys  in  between  them,  the  motion  may  be  commn- 
nicated  or  discontinued  at  pleasure^  by  the  removal  of  the 
key* 


FUJ^CUTriNG  MACHINE. 

Thskb  have  been  various  contrivances  for  this  purpose ; 
but  the  best  we  are  acquainted  with  b  described  in  the 
IVansactions  of  the  American  Phiheophical  Soeiefy,  and  is 
as  fdlo:ws : 

AAAA,  fig.  315,  is  a  bench  of  seasoned  oek,  the  fiuse  of  which 
is  planed  veiy  smooth.  BBBB  the  feet  of  the  bench,  which  should 
be  substantial.  CCCC  the  carriage  op  which  the  files  are  laid^  which 
rooTCS  along  the  feoe  of  the  bench  AAA  A,  parallel  to  its  sides,  and 
carries  the  files  gradually  under  the  edge  of  the  cutter  or  chisel  H  H, 
while  the  teeth  are  cut:  this  carriaffe  b  made  to  ttore  by  a  oontri-. 
Tance  somewhat  similar  to  that  whidi  carries  die  log  against  the  saw 
of  a  saw^mill,  as  will  be  more  particularly  described.  D  D  D  are  three 
iron  rods  inserted  into  the  ends  of  the  carriage  CCC  C,  and  passing  through 
the  holes  in  the  studs  £  £  £,  which  are  screwed  firmly  against  the  ends  of 
the  bench  A  A  A  A,  for  directing  the  course  of  the  carriage  G  C  CC,  p»- 
rallel  to  the  sides  of  the  bench.  F  F  two  upright  piUais,  mortised  firmly 
into  the  beodi  A  A  AA,  nearly  equidistant  from  each  end  at  it,  near  the 
edge,  and  directly  opposite  to  each  other.  G  the  lever  or  arm  which 
carries  the  cutter  U  U^  (&Led  by  the  screw  I,)  and  works  on  the  centres  of 
two  screws  KIC,  which  are  fixed  into  the  two  pillars  FF,  in  a  direction 
right  across  the  bendi  A  A  A  A.  By  tightening  cv  loosening  these  screws^ 
the  arm  which  carries  the  chisel  may  be  made  to  work  more  or  less  steadily. 
L  is  the  regulating  screw,  by  means  of  which  the  files  mavbemade  coarser 
or  finer;  this  screw  works  in  a  stud  M,  which  is  screwed  firmly  upon  the 
top  of  &e  stud  F;  the  lower  end  of  the  screw  L  bears  against  the  upper 
part  of  the  arm  Q,  and  limits  the  height  to  whidi  it  can  rise.  N  is  a  steel 
spring,  one  end  of  which  is  screwed  to  the  other  pillar  F,  and  the  other  end 
presses  asamst  the  pillar  O,  which  is  fixed  upon  the  arm  6;  Vy  its  pressure 
It  fi>rces  the  said  arm  upwards  until  it  meets  with  the  regulating  screw  L. 
P  is  an  arm  with  a  claif  ai  one  end  marked  6,  the  other  end  is  fixed  by  a 
joint  into  the  end  of  the  stud  or  pillar  O,  and,  by  the  motion  of  the  arm 
G,  is  made  to  more  the  ratch-wheel  Q.  This  ratdi-wfaeel  is  fixed  upoa  an 
axisy  which  carries  a  small  tnmdMMad  or  pnuonB,  on  the  opposite  end; 
this  takoi  into  a  piece  S  S»  which  is  indented  wiA  teeth,  and  screwed  finply 
against  one  side  of  the  carriage  CCCC;  by  means  of  this  piece  motion 
is  communicated  to  the  carriage.  F  is  a  damp  fi>r  fastening  one  end  of 
the  fie  ZZ  in  the  pliiceor  bedon  which  it  is  to  be  cut.    Vis  another 
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^laa^ordo|litdMa«Miit6m4,^iich woifcBb^  a  jointW^  finalv  find 
into  the  osmage  C  C  CC.  Y  is  a  bridge,  likewise  screwed  into  the  ear- 
riage,  through  which  the  screw  X  passes,  and  presses  whh  its  tower  etal 
acainst  flie  ^xmet  side  of  the  tUauoY;  uader  which  clamp  the  atfacr and 
or  the  file  ZZ  is  plaoed,  afid  held  firmly  in  iU  situation  while  k  is  cutting 
hy  the  pressaiaot  the  said  damp  V.  7  777  is  abed  of  lead,  which  is  let 
into  a  cafitj  fonned  in  the  body  of  the  carriage,  something  broader  aad 
loi^r  than  the  largest  size  files ;  the  upper  &ce  of  diis  bed  of  l^id  is 
finrned  tarioosly,  so  as  to  fit  the  difierent  kmds  of  files  which  may  be  n»> 
quired.  At  the  figures  2  2  are  two  catches,  which  take  into  the  teeth  of  the 
latcb-wheel  Q,  topfCfent  a  recoil  of  its  motion;  8  3  is  a  bridge  to  support 
one  tad,  4,  of  the  axis  of  the  ratch-wheel  Q ;  5  a  stud  to  support  the  fShst 
end  of  the  axis  of  that  wheel. 

When  the  file  or  files  are  laid  in  their  place,  the  machine  must  be  npa^ 
lated  to  cut  them  of  the  due  degree  of  fineness,  by  means  of  the  legulatuig 
screw  L;  which,  by  screwing  farther  through  the  arm  M,  wiU  n^e  the 
files  finer,  and,  wee  vered^  by  unscrewing  it  a  little,  will  make  them 
Goaxser;  for  the  arm  G  will,  by  that  means,  have  liberty  to  rise  the  higher, 
which  will  occasion  the  aim  P,  with  the  claws,  to  move  fbrther  along  the 
periphery  of  the  tatdi-wheel,  and  consequently  oommonieate  a  moiie 
cxtensiTe  motion  to  the  carriage  C  C  C  C|  and  make  the  files  coarser. 

When  the  madune  is  thus  acQusted,  a  bfind  man  xnav 
cut  a  ffle  with  mofe  e^tactness  than  can  be  done  in  the  naiml 
method  by  the  keenest  sight  j  for  liy  strikinfl^  with  a  hammer 
on  the  head  of  the  cutter  or  chisel  H  H^  all  the  movements 
are  set  at  woik|  and  by  repeating  the  stroke  with  the  Inun^ 
mer^  the  files  on  one  side  will  at  length  be  cut ;  then  they 
must  be  tumedj  and  the  operation  repeated  for  catting  oi| 
the  other  side.  It  is  needless  to  enlarge  much  on  the  utOitr 
or  extent  of  this  machine;  for,  on  an  examination,  it  wiU 
appear  to  persons  of  but  Indiflinrent  mechanical  sklH^  that 
it  maybe  made  to  work  by  water  as  well  as  by  hand,  to  cut 
coarse  or  fine,  large  or  small,  files,  or  any  number  at  a  time$ 
but  it  may  be  more  particulariy  useful  for  cutting  very  fine 
small  files  for  watchmakers ;  as  they  may  be  executed  by 
this  machine  with  the  sreatest  equality  and  nicety  imagin- 
able. As  to  the  materials  and  dimensions  of  the  several  parts 
of  this  machine,  they  are  left  to  the  judgment  and  sidll  of 
the  artist  who  may  have  occasion  to  make  onej  only  ob^ 
servuiff,  that  the  whole  should  be  capable  of  beanng  a  goo4 
deal  of  violence. 


RAMSDEN'S  DIVIDING  MACHINB. 

This  valuable  instrument  is  the  iiivention  of  Mr.  Jesse 
Ramsden^  to  whom  the  Commissioners  of  Longitude  gave 
the  sum  of  616/.,  upon  his  entering  into  an  engagement  to 
jnatract  a  certain  pumber  of  persons^  not  exceeding  teo^  in 
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llie  metliod  of  maUng  and  using  this  machine,  in  die  8paoe 
of  two  years,  say,  from  the  28th  October,  177-S  to  28th  Oc- 
tober, 1777 ;  al^  binding  himself  to  divide  all  sectants  and 
octants  by  the  same  engine,  at  the  rate  of  three  shillings  for 
each  octant,  and  six  shilUiigs  for  each  brass  sectant,  with 
Nonius's  divisions  to  half  minutes,  for  as  long  time  as  the 
Commissioners  should  think  proper  to  let  the  engine  remaia 
in  his  possession.  Of  this  sum  300/.  were  given  to  Mr.  Rams- 
den,  as  a  reward  for  the  usefulness  of  his  invention;  and  315/. 
for  his  giving  up  the  property  of  it  to  the  Commissioners. 
.  The  following  Ib  the  aescriptioq  of  th^  engine  given  by 
Mr.  Ramsden,  upon  oath ; 

This  engine  consists  of  a  laige  wheel  of  bell-metal,  sup- 
ported on  a  mahogany  stand,  having  three  legs,  which  are 
strongly  connected  together  by  braces,  so  as  to  make  it  per- 
fectly steady.  On  each  leg  of  the  stand  is  placed  a  conical 
friction^pulley,  idiereon  the  dividing  wheel  rests ;  to  prevent 
the  wheel  from  jslidin^  off  th^  friction-puUies,  the  bell-metal 
centre  under  it  turns  m  a  socket  on  the  top  of  the  stand. 

The  circumference  of  the  wheel  is  ratched  or  cut  (by  a 
method  which  will  be  described  hereafter)  into  2160  teeth, 
in  which  an  endless  screw  acts.  Six  revolutions  of  the  screw 
will  move  the  wheel  a  space  equal  to  one  degree. 

Now  a  circle  of  brass  being  fixed  on  the  screw-arbor^ 
having  its  drcumference  divided  into  sixty  parts,  each  divi- 
sion will,  consequently,  answer  to  a  motion  of  the  wheel  of 
ten  seconds,  six  of  them  will  be  equal  to  a  minute,  &c. 

Severa)  different  arbors  of  tempered  steel  are  truly 
ground  into  the  socket  in  the  centre  of  the  wheel.  The 
upper  parts  of  the  arbors,  that  stand  upon  the  plane,  are 
turned  of  various  sizps,  to  suit  the  centres  of  different  pieces 
of  work  to  be  divided. 

When  any  instrument  is  to  be  divided,  the  centre  of  it  is 
very  exactly,  fitted  on  one  of  these  arbors ;  and  the  instru- 
ment b  fixed  down  to  the  plane  of  the  dividing  wheel,  by 
ineans  of  screws,  whioh  fit  mto  holes  made  in  tiie  radii  of 
the  wheel  for  that  purpose. 

The  instrument  being  thus  fitted  on  the  plane  of  the  wheel, 
the  frame  which  carries  the  dividing  point  is  connected  at 
one  end  by  finger-screws,  with  the  frame  which  carries  the 
endless-screw;  while  the  other  end  embraces  that  part  of 
the  steel  arbor  which  stands  above  the  instrument  to  be 
divided,  by  an  angular  notch  in  a  piece  of  hardened  steel ; 
by  this  means  both  ends  of  the  frame  are  kept  perfectly 
attsdf  and  free  from  any  shake. 
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The  frame  cnnrying' the  diyiding-point  or  tracer^  is  made 
to  sfide  on  the  frame  which  carries  the  endles6->screw  to  any 
distance  from  the  centre  of  the  wheels  as  the  radios  of  the 
instrument  to  be  divided  may  require,  and  may  h€  thei^e 
fastened  by  tightening  two  clumps ;  and  the  dividing-point 
or  tracer,  being  connected  with  the  clumps  by  the  double* 
jointed  frame,  admits  a  free  and  easy  motion  towards  or 
from  the  centre  for  cutting  the  divisions,  without  any  lateral 
shake. 

From  what  has  been  said,  it  appears  that  an  instrument 
thnsr  fitted  on  the  dividmg-wheel,  may  be  moved  to  any  angle 
by  the  screw  and  divided  circle  on  its  arbor ;  and  that  this 
angle  may  be  marked  on  the  limb  of  the  instrument  with  the 
greatest  exactness  by  the  dividing^point  or  tracer,  which  can 
only  move  in  a  direct  line  tending  to  the  centre,  and  is  alto- 
gether freed  from  those  inconveniences  that  attend  cutting 
b^  means  of  a  straight  edge.  This  method  of  drawing  lines 
will  also  prevent  any  error  that  might  arise  from  an  expan- 
sion or  contraction  of  the  metal  dining  the  time  of  dividing. 

The  screw- frame  is  fixed  on  the  top  of  a  conical  piUar, 
which  turns  fi^eely  round  its  axis, /and  also  moves  freely 
towards  or  from  the  centre  of  the  wheel,  so  that  the  screw- 
frame  may  be  entirely  guided  by  the  frame  which  connects  it 
with  the  centre :  by  this  means  any  eccentricity  of  the  wheel 
and  the  arbor  would  not  produce  any  error  in  the  dividing ; 
and  by  a  particular  contrivance,  (which  will  be  described 
hereafter,)  the  screw  when  pressed  against  the  teeth  of  the 
wheel  always  moves  parallel  to  itself;  so  that  a  line  joining 
the  centre  of  the  arbor  and  the  tracer  continued  will  always 
make  equal  angles  with  the  screw. 

Fig.  316  represents  a  perspective  view  of  the  engine. 

Fig.  317  is  a  pian  of  which  fig.  318  represents  a  section  on  the  line  UA. 

The  large  "wheel  A  is  45  inches  in  diameter,  and  has  10  radii,  each  beingr 
supported  by  edge-bars,  as  represented  in  fig.  318.  These  bais  and  radii 
are  connected  by  a  circular  ring  B,  24  inches  in  diameter  and  3  inches  deep; 
and,  for  greater  strength,  the  whole  is  cast  in  one  piece  in  bell-metal. 

As  the  whole  weight  of  the  wheel  A  rests  on  its  ring  B,  the  edge-bars 
are  deepest  where  they  join  it ;  and  from  thence  their  depth  diminishes, 
both  towards  the  centre  and  circumference,  as  represented  in  fig.  318 

The  sur&ce  of  the  wheel  A  was  worked  verv  even  and  flat,  and  its  cir* 
camference  tnmed  true.  The  ring  C^of  fine  brass,  was  fitted  very  exactly 
on  the  circumference  of  the  wheel ;  and  was  fastened  thereon  with  screws, 
which,  after  being  screwed  as  tight  as  possible,  were  well  rivetted.  The 
lace  <xf  a  large  chuck  being  turned  very  true  and  flat  in  the  lathe,  the  flat- 
tened sorfiuse  A,  fig.  318,  of  the  wheel,  was  fastened  against  it  with  hold- 
6sts;  and  the  two  surfeces  and  circumference  of  the  ring  C,  a  hole  throu^ 
the  centre  and  the  plane  part  round  b,  and  the  lower  edge  of  the  ring  B, 
were  turned  at  the  same  time. 

D  is  a  piece  of  hard  bell-metal,  haying  a  hole,  which  receives  the  steel 
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aifwr^^  made  vaiystfuglit  and  trot.  Thitbctt^nftal  ww  tnmid  vwy  trae 
mi«a«r^;  and  Uie  fioe,  which  imt  on  a  wheel  at  *,  was  tmsad  rvf 
fUOf  ao  thax  the  steel  arbor  d  might  stand  perpendicular  to  the  plane  of  the 
wheel;  this  bell-metal  was  6stened  to  the  wheel  by  six  steel  screws. 

A  brass  socket  Z  is  ftstened  on  the  centre  of  the  mahogany  stand,  and 
feeeires  the  lower  part  of  the  bell-metal  piece  D,  being  made  to  tonch  the 
baU-metal  in  a  naorow  part  near  the  months  to  pretent  any  dbliqnity  of  ihe 
wheel  6oin  bending  the  arbor;  good  fitting  is  by  no  means  necessary  here; 
since  any  shake  in  this  socket  will  pvoduce  no  bad  eflfect,  as  will  i^pear 
hereafter  when  we  describe  the  cutting-frame. 

The  wheel  was  then  put  on  its  stand,  the  lower  edge  of  the  ring  B; 
%8.  Zt6y  Sir,  and  3U,  resting  on  the  circumference  of  three  conical  fiiction 
puUeyB  W,  to  facilitate  its  motion  round  its  centre.  Tkt  axis  of  one  of 
these  pulleys  is  in  a  line  joining  the  centre  of  the  wheel  and  the  middle  of 
the  endless-screw,  and  the  other  two  placed  so  as  to  be  at  equal  distances 
from  each  other. 

Fiff.  310is  a  bkxk  of  wood  strongly  fitftened  to  one  of  the  less  of  tfie 
•Ittid;  the  peoe  ^  is  acvBved  tp  the  upper  side  of  the  block,  .and  nas  half- 
Iboles,  in  which  the  transverse  axis  h,  fig.  319,  turns;  the  half-holes  are  kept 
toeether  by  the  screws  t. 

The  lower  extremity  of  the  conical  pillar  P,  figs.  310  and  319,  terminalen 
in  a  cylindrical  steel  pin  ft,  fig.  319,  which  passes  thvottgh  and  tuns  in  tbe 
tmmwent  um  A,  and  is  con&ed  by  a  check  and  screw. 

To  the  vpper  end  of  the  oonioal  pillar  is  fiistened  the  frame  G,  ^.  31 9, 
in  which  the  endless-screw  turns;  the  pivots  of  the  screw  are  formed  in  the 
manner  of  two  frustrums  of  cones  joined  1^  a  cylinder,  as  represented  at  X, 
^.  320.  These  piTots  are  confined  between  half-boles,  which  press  only 
on  the  conical  parts,  and  do  not  touch  the  cj^iudfic  parts;  the  half-hole# 
me  kept  together  by  screws  «,  which  may  be  tightened  at  any  time,  to 
prevent  the  screw  from  shaking  in  the  frame. 

On  the  screw'-arbor  is  a  small  wheel  of  brass  K,  figs.  316,  31 T,  319,  and 
820,  having  its  outside  edge  divided  into  60  parts,  and  numbered  at  ereiy 
sixth  division  with  1, 2,  fcc.  to  10.  The  motion  of  this  wiieel  is  shown  by 
llie  index  jr,  figs.  319  and  320,  on  the  screw-frame  G. 

H,  fig.  310,  lepsesents  a  part  of  the  stand,  having  a  parallel  slit  in  the 
direction  towards  the  centre  of  the  wheel,  large  enough  to  receive  the  upper 
part  of  the  conical  brass  pillar  P,  which  carries  the  screw  and  its  frame; 
and  as  the  resistance,  when  the  wheel  is  moved  by  the  endless-screw,  is 
against  the  side  of  the  slit  H  whidi  is  towards  the  left  hand,  that  side  of 
we  slit  is  fru^ed  with  brass,  and  the  pillar  is  pressed  against  it  by  a  steel 
sprinff  on  the  opposite  side ;  by  this  means  the  pillar  is  strongly  supported 
iatenolv,  and  yet  the  screws  may  be  easilv  pressed  from  or  against  the 
circumference  of  the  wheel,  and  the  pillar  will  turn  freely  on  its  axis  to  take 
any  direction  given  it  by  the  frame  L 

At  each  comer  of  the  piece  I,  fig.  319,  are  screws  «,  of  tempered  steel, 
having  polished  conical  points ;  two  of  them  turn  in 'conical  holes  in  the 
screw-fiame  near  o,  and  the  points  of  the  other  two  screws  turn  in  the 
holes  in  the  piece  Q ;  the  screws  p  are  of  steel,  which  being  tigfalened, 
prevent  the  conical  pointed  screws  from  untuming  when  the  trame  is 


Lp  figi.  316, 317,  and  821,  is  a  brass  firame,  which  serves  to  connect  the 
endles»4crew,  its  firvme.  Ice  with  the  centra  of  the  wheel  ;each  aim  of  thia 
firame  is  terminated  by  a  steel  screw,  that  may  be  passed  through  any  ef 
the  holes  ^,  in  the  piece  Q,  fig.  319,  as  the  thickness  of  the  wodt  to  be 
divided  on  the  wheel  may  require,  and  are  fastened  by  the  finger-oats  r, 
figs.  316  and  317. 
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'  Ai  the  eni  of  tkb  fiwvie  Is  «  flat  jpiflQe  ^  tempmd  steel  ft,  fig.  331, 
wherem  is  an  angnlar  notch ;  when  the  endless-screw  is  pressed  against  the 
teeth  of  the  circiunference  of  the  wheel,  which  may  be  done  by  turning  the 
finger-flcrew  S,  figs.  316  and  317,  to  press  againsi  the  spring  t,  this  notch 
embraces  and  presses  against  the  steel  arbor  d.  This  ena  of  the  firame  ma^r 
be  raised  or  depressed  by  moving  die  prismatic  slide  a,  fig.  317,  whidi  m^ 
be  fixed  at  any  neif^t  by  liie  four  steel  screws  v,  figs.  316,  317,  and  321. 

Tbe  bottom  of  this  sUde  has  a  notch  K,  figs.  316  and  321,  whose  plane  is 
pacallel  to  the  endless-screw,  and  by  the  point  of  the  arbor  tf,  fig.  318, 
resting  in  dus  notch,  this  end  of  the  frame  is  prevented  from  tilting.  The 
screw  S,  figs.  316  and  317,  is  prevented  from  antumiog,  by  tightening  the 
finger-nnt  w. 

The  teeth  on  the  drcmnfereuce  of  the  wheel  were  cut  by 
the  toSlcfmng  method: 

Having  considered  what  number  of  teeth  on  the  circum- 
ference would  be  most  convenient,  which  in  this  engine  is 
2160,  or  360  moldplied  by  6, 1  nutde  two  screws  pf  the  same 
fimension  of  tempered  steel,  in  the  manner  hereafter  de- 
scribed, the  interval  between  the  threads  being  sudi  as  I 
knew  by  calculation  would  come  within  the  limits  of  what 
xnigbt  be  tamed  of  the  circumference  of  the  wheel:  one  of 
tfiese  screws,  which  was  intended  for  ratching  or  cutting  the 
teeth,  was  notched  across  the  threads,  so  uiat  the  screw, 
when  pressed  against  the  edge  of  the  wheel  and  turned 
round,  cut  in  the  manner  of  a  saw.  Then  having  a  segment 
of  a  drde  a  little  greater  than  60  degrees,  of  about  the  same 
radius  with  the  wheel,  and  the  circumference  made  true, 
from  a  very  fine  centre,  1  described  an  arch  near  the  edge, 
and  set  ofiF  the  chord  of  60  degrees  on  this  arch.  This  seg- 
ment was  put  in  the  place  of  the  wheel,  the  edge  of  it  was 
ratched,  and  the  number  of  revolutions  and  piffts  of  the 
screw  contained  between  the  interval  of  the  60  degrees  were 
counted.  The  radius  was  corrected  in  the  proportion  of 
360  revolutions,  which  ought  to  have  been  in  oO  degrees,  to 
the  number  actually  foimd;  and  the  radius,  so  corrected,  was 
taken  in  a  pair  of  beam-compasses ;  wiule  the  wheel  was  on 
the  lathe,  one  foot  of  the  compasses  was  put  in  the  centre, 
and  with  the  other  a  circle  was  described  on  the  ring;  then 
half  the  depth  of  the  threads  of  the  screw  bemg  tidten  in 
dividers,  was  set  from  this  circle  outwards,  and  another 
drcle  was  described  cutting  this  point;  a  hollow  was  then 
turned  on  the  edge  of  the  wheel,  of  the  same  curvature  as 
that  of  the  screw  at  the  bottom  of  the  threads,  the  bottom 
of  this  hollow  was  turned  to  the  same  radius  or  distance  from 
the  centre  of  the  wheel,  as  the  outward  of  the  two  cirdes 
before-mentioned. 

The  vriieel  was  now  taken  off  the  lathe,  and  the  bell-metal 
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piece  D,  fig*  dl8,  wbb  screwed  on  afl  before  dir^cte^  wbkk 
after  this  ought  not  to  be  removed. 

Fram  a  retj  enct  oentre  a  ciiele  was  deicribed  on  the  rinff  C,  figs.  ^l(i, 
817,  and  318,  about  four-tenths  of  an  indi  within  where  the  bottom  of  the 
teeth  would  come.  This  circle  was  divided  with  the  greatest  eaactness  I 
was  capable  o^  firrt  into  fire  parts,  and  each  of  these  into  three.  These 
parts  were  (hen  bisected  four  times,  (that  is  to  say,)  snpposinff  the  whoFe 
cireumfereuce  of  the  wheel  to  contain  2160  teeth,  tUs  bemff  divided  into 
five  parts,  eadi  would  contain  432  teeth ;  which  being  diviaed  into  three 
parts,  each  of  them  would  contain  144 ;  and  this  space  bisected  four  times 
would  give  72,  36, 18,  and  9 ;  therefore  each  of  tne  last  divisions  would 
contain  nine  teeth.  But,  as  I  was  apprehensive  some  error  might  arise 
from  qninquesection  and  triseetion,  in  order  to  examine  the  aecumey  of  tiie 
divisions,  1  described  another  circle  on  the  ring  C,  (fig.  322,)  one-tenth  of 
an  inch  within  the  former,  and  divided  it  by  continual  bisections,  as  21 60, 
1080,  540,  270, 135,  67|,  and  33|;  and  as  the  fixed  wire  (to  be  described 
presently)  crossed  both  the  circles,  I  could  examine  their  agreement  at 
every  135  revolutions;  (after  ratdiing,  could  examine  it  at  every  33i;)  but 
not  finding  any  sensible  diffisience  between  Uie  two  sets  of  divisions,  I,  for 
ratching,  made  choice  of  the  former ;  and,  as  the  coincidence  of  the  fixed  wire 
with  an  intersection  could  be  more  exactly  determined  than  with  a  dot  or 
division,  I  therefore  made  use  of  intersections  in  both  circles  before  described. 

The  arms  of  the  frame  L,  fig.  322,  were  connected  by  a  thin  piece  of  brass 
of  three-fourths  of  an  inch  brmul,  having  a  hole  in  the  middle  of  foor-tenthe 
of  an  inch  in  diameter ;  across  this  hole  a  silver  wire  was  fixed  exactly  in  a 
line  to  the  centre  of  the  wheel ;  the  coincidence  of  this  wire  with  the  inter- 
sections was  examined  by  a  lens  seven-tenths  of  an  inch  focus,  fixed  in  a  tube 
which  was  attached  to  one  of  the  arms  L.*  Now  a  handle  or  winch  being 
fixed  on  the  end  of  the  screw,  the  division  marked  10,  on  the  circle  K,was 
set  to  its  index,  and^  by  means  of  a  clamp  and  adjusting-screw  for  that  pur- 
pose, the  intersection  marked  1  on  the  circle  C  was  set  exactly  to  coincide 
with  the  fixed  wire;  the  screw  was  then  carefully  pressed  agtdnst  the 
circumference  of  the  wheel,  by  turning  the  finger-screw  S,  then,  removing 
the  clamp,  I  turned  the  screw  "W  its  handle  nine  revolutions,  till  the  inter- 
section marked  240  came  nearly  to  the  wire;  then,  untuming  the  finger- 
screw  S,  I  released  the  screw  from  the  wheel,  and  turned  the  wheel  Wk 
till  the  intersection  marked  2  exactly  coincided  with  the  wire;  and,  by 
means  of  the  clamp  before-mentioned,  the  division  10  on  the  circle  being 
set  to  its  index,  the  screw  was  pressed  against  the  edge  of  the  wheel  by  the 
finger-screw  S ;  the  clamp  wire  removed,  and  the  screw  turned  nine  revolu- 
tions till  the  intersection  marised  1  nearly  coincided  with  the  fixed  wire ;  the 
screw  was  released  from  the  wheel  by  untuming  the  finger-screw  S  as 
before ;  the  wheel  was  turned  back  till  the  intersection  3  coincided  with 
the  fixed  wire;  the  division  10  on  the  circle  being  set  to  its  index,  the 
screw  was  pressed  against  the  wheel  as  before,  and  the  screw  was  turned 
nine  revolutions,  till  the  intersection  2  nearly  coincided  with  the  fixed  wire, 
and  the  screw  was  released ;  and  I  proceeded  in  this  manner  till  the  teeth 
were  marked  round  the  whole  circumference  of  the  wheel.  This  was 
repeated  three  times  round,  to  make  the  impression  of  the  screw  deeper. 
I  then  ratched  the  wheel  round  continually  in  the  same  direction  without 
ever  disengaging  the  screw;  and,  in  ratching  the  whed  about  300  times 
rounds  the  teeth  were  finished. 

*  The  intenections  are  marked  for  the  sake  of  illostration,  though  proferif  . 
invisible,  they,iyiog  under  (ha  brass  plate. 
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It  is  evident  if  the  circumference  of  the  wheel  were  even 
oiie  tooth  or  ten  minutes  greater  than  the  screw  would 
i:«quire,  this  error  would  in  the  first  instance  be  reduced  to 
-sVir  part^f  a  revolution,  or  two  seconds  and  a  half ;  and  these 
errors  or  inequalities  of  the  teeth  be  equally  distributed 
round  the  wheel  at  the  distance  of  nine  teeth  from  each 
other.  Nowy  as  the  screw  in  ratching  had  continually  hold 
of  several  teeth  at  the  same  time,  and  these  constantly 
changing,  the  above-mentioned  inequalities  soon  corrected 
themselves,  and  the  teeth  were  reduced  to  a  perfect  equality. 
The  piece  of  brass  which  carries  the  wire  was  now  taken 
away,  and  the  cutting-screw  was  also  removed,  and  a  plain 
one  (hereafter  described)  put  in  its  place;  on  one  end  of  th^ 
screw  is  a  small  brass  circle,'  having  its  edge  divided  into 
sixty  equal  parts,  and  numbered  at  every  sixth  division^  as 
before  mentioned. 

On  the  other  end  of  the  screw  is  a  ratchet-wheel  c^  having  sixty  teeth, 
covered  by  the  hollowed, circle  dy  fig.  Z1Q,  which  carries  two  clicks  that 
catch  upon  the  opposite  sides  of  the  ratchet  when  the  screw  is  to  be  moved 
forwards.  The  cylipder  S  turns  on  a  strong  steel  arbor  F,  which  passes 
through  and  is  firmly  screwed  to  the  piece  i ;  this  piece,  for  greater  firm- 
ness, is  attached  to  the  screw-frame  G,  fig.  319,  by  tne  braces  v  ;  a  spiral 
nTe  or  thread  is  cut  on  the  outside  of  ue  cylinder  S,  which  serves  doUi 
olding  the  string,  and  also  giving  motion  to  the  lever  J  on  its  centre, 
hf  means  of  a  steel  tooth  »,  that  works  between  the  threads  of  the  spiral, 
lo  the  lever  is  attached  a  strong  steel  pin  m,  on  which  a  brass  socket,  r, 
turns ;  this  socket  passes  through  a  slit  in  the  piece  p,  and  may  be  tightened 
in  any  part  of  the  slit  by  the  finger-nut/;  this  piece  serves  to  regulate  the 
number  of  revolutions  of  the  screw  for  each  tread  of  the  treadle  R. 

T,  fig.  316,  is  a  brass  box  containing  a  spiral  spring ;  a  strong  gut  is 
fastenra  and  turned  three  or  four  times  rouna  the  circumference  of  1^  box; 
th«  gut  then  passes  several  times  round  the  cylinder  S,  and  from  thenca 
down  to  the  treadle  R,  fig.  316.  Now,  when  the  treadle  is  pressed  down, 
the  string  pulls  the  cylinder  S  round  its  axis,  and  the  clicks  catching  hold 
of  the  te^  on  the  ratchet  carry  the  screw  round  with  it,  till,  by  the  tooth  n 
working  in  the  spiral  groove,  the  lever  J,  fig.  319,  is  brought  near  th«r 
wheel  a,  and  the  cylinder  stopped  by  the  screw-head,  a,  striking  on  the  top 
of  the  .ever  J ;  at  the  same  time  the  spring  is  wound  up  by  the  other  end  of 
the  nrt  passing  round  the  boxT,  fig.  316.  Now,  when  the  foot  is  taken 
ofi  uie  treadle,  the  spring,  uobending  itself,  pulls  back  the  cylinder,  the 
^cks  leaving  the  ratcnet  and  screw  at  rest  till  tne  piece  /  strikes  on  the  end 
of  the  piece  p,  fig.  316;  the  number  of  revolutions  of  the  screw  at  each 
tread  is  limited  by  the  number  of  revolutions  the  cylinder  is  allowed  to 
turn  back  befoie  the  stop  strikes  on  the  piece  p. 

When  the  endjess-screw  was  moved  round  its  axis  with  a  considerable 
▼ek)eity,  ii  would  continue  that  motion  a  little  after  the  cylinder,  figs.  316 
and  319,  was  stopped;  to  prevent  this,  the  angular  lever  n  was  made, 
that  when  the  lever  J  comes  neai  to  stop  the  screw  x,  it,  by  a  small  diaiti- 
for>  presses  down  the  piece  k  of  the  angular  lever ;  this  bringjs  the  other ' 
end^9,  of  the  same  lever  forwards,  and  stops  the  endless-scffW^by  the  steel 
piBy  tkf  Striking  upon  the  top  of  it :  die  fot}t  of  the  lever  is  raised  again  by  a 
•mall  spring  prising  on  the  bract  « 
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lly  twoclamiWy  oowiecled  by  tbe  fM£oe  c,  slide  ooe  on  ndb  anoof  the  IhttM 
Iih%i-  316,  317,  and  321,  and  may  be  fixed  at  pleasure  by  the  four  fing«r- 
screws  «,  which  press  against  the  ^eel  springs  to  aroid  spoiling  the  anus ; 
the  piece  q  is  made  to  tors  without  shake  between  two  coOKsal  pcnnted 
wetem^fy  whidi  are  prevented  from  untaming  by  tightening  the  finger- 
nuts  N. 

The  pieoe  m,  fig.  321,  is  made  to  torn  on  the  piece  9,  by  the  conical 
pomted  screws,  #,  resting  in  the  hollow  centres  e. 

As  there  u  fireqnent  occasicm  to  cat  divisions  on  inclined  planes,  lor  tiiat 
pvpoae  the  piece,  7,  in  which  the  tracer  is  fixed,  has  a  eimical  axis  at  taA 
ead,  which  tnm  in  half-holes ;  when  the  tiacer  is  set  to  aiqr  ^^i^1inatio^^  it 
mtj  )»e  fixod  then  by  ti^^Mening  the  steel  screws  /9. 

WQ$  cut. 

Pig.  324  represents  this  engine  of  its  full  dimensions,  seen  from  one  side. 

^g.  323,  the  upper  side  of  the  same,  as  seen  from  above. 

A,  represents  a  triangular  bar  of  steel,  to  which  the  triangular  holes  ia 
the  pieces  B  and  C  are  apcarately  fitted,  aad  may  be  fixed  on  any  part  oC 
the  bar  by  the  screws  D. 

£  is  a  piece  of  steel  whereon  the  screw  is  intended  to  be  cut ;  which, 
after  being  baldened  and  tempered^  has  its  pivots  turned  in  the  form  of  two 
frustrums  of  cones,  as  represented  in  the  drawings  of  the  dividing-ennne, 
fig.320.  These  pivots  were  exactly  fitted  to  the  halMoles  F  andT,v^ch 
were  kept  together  by  the  screws  s. 

H  represents  a  screw  of  untempered  steel,  having  a  pivot  I,  which  turns  in 
the  hole  ft ;  at  the  other  end  of  the  screw  is  a  hoUow  centte,  ^Uch  receives 
the  hardened  conical  point  of  the  steel  pin  in.  When  this  point  is  sofBciently 
pressed  against  the  screw,  to  prevent  its  shaking,  the  steel  pin  may  be  fixed 
oy  tightening  the  screws  Y. 

N  IS  a  cyUndric  nut  movable  on  the  screw  H ;  which,  to  prevent  any 
shakes,  may  be  tightened  by  the  screws  O.  Hus  nut  is  connected  with  the 
saddle-pieoe  P,  pv  means  of  the  intermediate  universal  joint  W,  thron|^ 
which  the  arbor  01  the  screw  H  passes.  A  front  view  of  this  ^iece,  with  a 
section  acrou  the  screw-arbor,  is  represented  at  X.  Hiis  Joint  is  connected 
wi^  the  nut  by  means  of  two  steel  slips  S,  which  turn  on  pins  between  the 
cheeks  T,  on  the  nut  N.  The  other  ends  of  these  slips,  S,  turn  in  like  man- 
ner on  pins  a  ,*  one  axis  of  this  joint  turns  in  a  hole  in  the  cotk  b,  which  U . 
fixed  to  the  saddle-pieoe ;  and  the  other  turns  2h  a  hole  d,  made  for  dial 
purpose  in  the  same  piece  on  which  the  cock  h  is  fixed.  By  diis  means,  when 
the  screw  is  turned  round,  the  saddle-piece  will  slide  nniionnly  aleaig  the 
triaa^pUar  bar  A. 

K  IS  a  small  triangular  oar  of  well-tempered  steel,  which  slides  in  a  groofve 
of  the  same  form  on  the  saddle-pieoe  P.  The  point  of  this  bar  or  cutter  is 
formed  to  the  shape  of  the  thread  intended  to  be  cut  on  the  endless-screw* 
When  the  cutter  is  set  to  take  proper  hold  of  the  intended  screw,  it  Miqr^ 
fixed  by  tightening  the  screws  e,  which  press  the  two  pieces  of  brass  «^0|riL 

Havmg  measured  the  circumference  of  the  dividing-wheel,  I  foonlf  k 
would  require  a  screw  about  one  thread  in  a  hundred  coarser  tlnn  the  guide- 
screw  arhpr  H,  and  that  oo  the  stub  ^,  on  whidi  the  screw  vras  to  be  cnt^ 
were  proportioned  to  each  other  to  produce  that  effect,  by  giving  the  wheel 
L  198  teeth,  and  the  wheel  Q  200.  These  wheels  communicated  vrith  eadk 
other  by  means  of  the  intermediate  wheel  R,  which  also  served  to  give  the 
thmds  on  the  two  screws  the  same  direction. 

Xi«e  saddle-]Bece  P  is  confined  on  the  bar  A  bv  means  of  the  jneoes  ^, 
and  may  be  made  to  shde  with  a  proper  degree  of  tightness  by  the  screws* 
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LATH£S  AND.  TURNING  APPARATUS. 

Tbft  lathe  ia  si  v^ry  uaeftd.  engine  fiir  toniing  WQod^  ivory, 
Hietalfty  add  oilier  materifds. 

Tbl^  coQWon  lathe  is  composed  of  two  wooden  cheeks  or 
in4f%  FWJlel  tQ  th^  hodzop^  having  a,  groove  or  opening  be- 
tweflo;  perpeadjloidar^  ta  these  am  twa  oibei;  Biece^,  called 
p^ffpeis^  made  to  sSde  between  the  cheeks,  and  to  be  fixed 
down  at  any  pppift  at  pleasure.  These  have  two  points,  be- 
tween which  the  piece  to  be  turned  is  sustained ;  the  piece  is 
tanned  round  bacWards  a^d  forwards  by  means  of  a  string 
put  iouad  it  and  faalened  above  to  the  end  of  a  pliable,  pole, 
and  underneath  to  a  treadle  or  board  moved  with  the  foot. 
There  is  also  a  rest  which  beaxs  up  the  tool,  and  j^eeps  it 
steady. 

We  shall  now  proceed  to  give  Mr.  J.  Farey'a  description  of 
the  improved  lathes  manufectured  by  Mr.  Hewry  JUwdslay, 
of  Margaret'Street,  Cavendish-square. 

A,  fig.  325,  is  the  great  wheel,  with  four  grooves  o&  the  rim ;  it  is  wode^d 
by  a  crank  B,  and  tr^bdle  C,  in  the  common  way ;  the  catgut  which  goes 
round  this  wheel  passes  also  round  a  sviutUer  wheel  D,  called  the  mandrel, 
which  has  four  grcNoves  on  its  ciTCumferenoe>  of  diffferent  dianteters,  forgiving 
it  diSferent  yeloeitieay  corresponding  with  the  iour  grooves  on  the  great 
wheel  A.  In  order  to  make  the  same  lund  suit,  when  applied  to  all  the 
diferent  grooves  on  the  mandrel  D)  the  wheel  A  can  be  elevated  or  depressed 
by  a  screw,  a,  and  another  at  the  other  end  of  the  axle ;  and  the  connecting 
rod,  C,  can  be  lengthened  or  shortened  by  screwing  the  hooks  at  each  end  of 
it  farther  out  of,  or  into  it.  The  end  M,'  fig.  39^,  of  the  spindle  of  the 
mandrel  D,  is  pointed,  aad  works  in  a  hole  in  the  end  of  a  screw,  put 
through  the  standard  B,  fig.  825 ;  the  other  end  of  the  bearing  F,  fig.  396, 
is  coiucal,  and  works  in  a  cbnical  socket  in  the  standard  F^  fig.  325^  so  that, 
by  tightening  up  the  screw  in  £^  the  conical  end,  F,  may  at  any  time  be 
made  to  fit  its  socket;  the  puppet  G  has  a  cylindric  hole  through  its  top  to 
reeuTe  the  polished  pointed  rod  d,  which  is  moved  by  the  screw  e,  and 
fixed  by  the  screw/;  the  vrhole  puppet  is  fixed  on  the  triangular,  prismatic 
bar  H,  by  a  damp,  fig.  333,  the  two  ends  of  which,  a,  b,  are  put  through 
boles,  b,  in  the  bottom  of  the  puppet  under  the  bar,  and  the  whole  is  fixed 
by  ^e  screw  c  pressing  against  it ;  by  this  means  the  puppet  can  be  taken 
off  tfie  bar  without  first  taking  off  the  standard  I,  as  in  the'  common  lathes ; 
and  the  triangular  bar  is  fi>und  to  be  far  preferable  to  the  double  rectangular 
one  in  common  use.  Hie  rest^  is  a  similar  oontiivaace ;  it  is '  in  three 
pieces ;  see  figs.  327;  328,  and  329.  Fig.  328  is  a  piece,  the  opening,  a,  ^,  e,  in 
which,  is  hud  upon  the  bar  H,  fig.  395 ;  the  fi>ur  legs,  dd4d,o(  fig.  329,  are 
then  put  up  under  the  bur  (into  the  recesses  in  fig.  328,  which  are  made  to 
xecdtre  them)  so  that  the  notches  indddd  may  m  level  vrith  the  top  of  fig. 
92S ;  the  two  beads,  ef,  in  fig.  327,  are  then  slid  into  tkn  notdies  in  the  top 
cidddd,^^.  328,  to  keep  the  whole  together;  the  groove  t  is^ to  receive  a 
oofrespon^ing  piece  6n  «/,  fig.  827,  to  steady  it;  the  whole  of  fi^  327  has  a; 
metallic  co»er>  to  keep  the  chips  out  of  thegrooves.   k  is  pteiin  that,  by  tight-* 
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ening  thz  screw  A,  in  th«  bottom  of  fig.  329,  the  whole  will  be  fixed  and  f^ 
▼ented  from  sUdinff  along  the  bar  H,  and  fig.  327  from  sliding  in  adirectioii 
oerpendicular  to  ue  bar ;  the  piece  ly  fig.  327,  on  which  the  tool  i$  laid,  can 
M  raised  or  lowered  at  pleasare,  and  fixed  by  a  screw,  m.  On  the  end,  n,  of 
the  spindle  P,  figs.  325  and  326»  is  screwed  occasionally  an  aniTenal  cfaodc 
for  holding  any  kind  of  work  whidi  is  to  be  turned.  (See  fig.  330.)  A  is  tha 
female  screw  to  reoeire  the  screw  a,  fig.  325 ;  near  the  bottom  of  the  screw 
A  is  another  screw,  B  B,  which  is  prerented  from  moTinff  endways  by  a  6o1f 
lar  in  the  middle  of  it  fixed  to  the  screw  A ;  one  end  of  the  screw  B  B  is 
out  right-handed,  and  the  other  left-Jianded ;  so  that  by  taming  the  serew 
one  way,  the  two  outs,  E  F,  will  recede  from  each  other,  or  by  taming  it  tha 
contrary  way,  they  will  advance  towards  each  other;  the  two  nuts,  £  F, 
pass  through  an  opening  in  the  plate  C,  and  project  beyond  the  same,  cany  ing 
jaws,  like  those  of  a  vice,  by  which  the  subject  to  be  turned  is  to  be  held. 

For  tuminff  fiu!es  of  wheels,  hoDow  work,  be.  where  great  accuracy  is 
wanted,  Mr.  Blandslay  has  ooatrived  a  curious  apparatus,  which  he  calls  a 
slide-tool,  represented  bv  fig.  331,  where  £  £  £  is  the  opening  to  receive 
the  bar  H,  fig.  325,  and  it  is  fixed  by  the  clamp,  fig.  332,  as  before  de- 
scribed ;  (he  tool  for  cutting,  fcc.  is  fixed  into  the  two  holders  bb^  tf  their 
screws ;  these  holders  are  fiutened  to  a  sliding  jjlate  a,  which  om  be  moved 
backwards  and  folrwaxda  by  the  screw  r,  causing  the  tool  to  advance  or  re- 
cede ;  fig.  333  represents  tlw  under  side  (turning  upwards)  of  the  part  A  A, 
in  which  the  screw  c  is  seen  fixed  at  each  end,  and  the  nut  d,  which  is  at« 
tadied  to  the  undetnde  of  the  plate  a,  working  upon  it.  When  it  is  nocea- 
saiy,  a*  in  thetamiAg  of  the  inside  of  eoDes,lcc.  that  the  tool  should  not 
be  parallel  to  the  spmdle  Pr  the  sosMr  «,  and  another  similar  one  behind, 
must  be  looeened,  the  tool  set  at  the  pvoper  angle,  and  then  be  screwed  tight 
again.  In  order  to  make  the  piaoe  A  A  nova  truly  when  it  is  turned 
round,  there  is  a  hole/,  fig^  399,  to  raoeiva  a  knob  g,  fig.  338,  upott  the 
plate  B,  whidi  acta  as  a  centre,  and  keeps  it  in  its  place;  there  are  three 
boles  on  each  aide  in  the  plate  B^  fig.  336,  to  put  the  screw  e  in  at  different 
times,  thus  giting  to  the  tool  agreater  ran^e  tnan  the  circular  openings  S  S 
will  admit. 

The  part  £  £  £  £y  repTMenfed  sepsratoly,  and  inverted,  in  t^,  334,  is  of 
castpiron,  and  has  aaorew,A^woikiiigin  it,  similar  to  fig.  333;  the  mit  of  this 
screw  is  attached  to  the  bottom  of  the  slide  H,  fig.  335,  at  f ,  which  slides 
in  the  groove  t,  figs.  331  and  334;  at  one  end  of  it  is  a  box  containing  a 
screw  ai,  to  be  hereafter  described,  and  at  the  other  is  a  fraine  of  brass  K  K. 
Near  the  same  end  of  the  slide  is  a  piit  Ia  projecting  above  the  plale,  which 
is  put  through  an  opening,  j,  in  fig.  33fi,  to  steady  it,  while  Ae  other  end  C, 
of  fig.  aafi,  is  pot  throi^(h  an  opening  My  in  tlie  box  D,  fig.  335«  in  the 
part  C  is  an  oblique  slit  i  J,  to  receive  a  stub  wl^d^  projects  from  die  bot- 
tom of  the  nut  a,  woriced  by  the  screw  m,  fig.  3A^ ;  by  this  arranf^ement  it  is 
obvious  tliat  if  the  screw  m  is  worked,  the  stui  of  the  nut  a,  acting  against 
the  slide  «i  the  slit  I  j;  as  an  inclined  plane,  vqU  move  it  either  backwanla  or 
forwards  through  the  opening  M ;  a  metal  cover  r,  fig.  336,  is  occasioiially 

St  over  the  opening  for  the  nut  a,  and  screw  la,  to  prevent  the  chips  from 
ling  in. 

Near  the  four  comets  of  the  firame,  fig.  336,  are  four  small  projections,  o  o  o  o, 
with  inclined  sides,  which  fit  into  the  four  openings  ppppf  of  figs.  337  and 
331 ;  these  openings  are  cut  out  in  two  brass  plat»,  whieh  are  screwed  on  at 
rightanglestotheplateBB,figs.  331  and337;  the  ends,  ff  ff,  of  these 
plates  sUde  between  the  edges  of  the  frame  K  K  and  the  box  D,  so  as  to 
-prevent  any  other  motion  than  a  vertical  one.  When  this  slide  tool  is  used, 
)he' puppet  G  is  to  be  removed  or  pushed  back  further  from  F,  and  the  tool 
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Is  pnt  «poB  the  \m  H,  fig.  335,  apd  fixed  iiT  tht  pUte of  the  rei%^,'hy  4h€  '    "'^ 
dmmp^  ng.  399,  the  distance  from  the  cen(re  « -isndjuated  hy  the.  acieir  A, 
wbicn  moves  the  slide,  fig.  335,  in  the  grooves  i,  4gs.  331  and  334,  with  the 
whole  apparatus  upon  it ;  hy  the  screw  m,  figs.  331  and  335,  as  before  de* 
tcribed,the  slide,  fig.  336,  may  be  moved  in  a  direction  perpendicular  to  the 

'  bar  H,  fig.  325,  and  its  projections  o  o,  acting  against  the  slits  pp,  figs.  3^1 
and  337,  as  indined  j^anes,  will  raise  or  lower  ttte  plate  B,  as  is  required. 
The  tool,  which  has  been  before  fixed  in  the  holders  b  6,  can  be  set  at  the 

..proper  angle  by  loosening  the  sprew  e,  as  previously  described ;  and,  lastly, 
the  tool  with  the  holders  and  slider  a,  can  be  advanced  or  withdrawn  by 
worhinff  the  screw  e.  The  nuts  of  the  screws  e  and  h^  fig.  3.9I,  are  not 
screwed  &9t  to  the  sliding  plates,  but  are  held  by  two  pins  t,  fig.  335^  which  it 

.  into  gnx>vesti,  fig.  334,  in  e%ch  side  of  the  nut;  by  these  means  the  sHding 
olate  can  at  any  time  be  taken  out  by  only  unscrewing  one  of  the  brass  slides 
trom  the  grooves  t,  without  taking  out  the  screw  or  nut  In  order  to  make  tlie 
grooves  always  fit  their  slides,  the  tiyo  pieces  of  brass  yy,  fig.-  331,  which  ^ 
compose  the  sides  of  the  groove,  have  euiplic  holes  for  their  sqrews  »,  so  as  * 
to  admit,  when  the  screws  are  slackened,  of  being  pushed  inwards  by  the 
screw  w  which  works  in  a  lump  of  metal  cast  with  the  part  A  A. 

The  large  latbe»  which  Mi.  Maudslay  u«e8  ia  his  inauu- 
factory^  inslead  of  being  worked  by  the  foot,  as  represented 
in  6f .  325^  are  worked  by  hand ;  the  wheel  and  fly-wlxeel 
whicm  the  men  turn  works  by  a  strap  on  another  wheel  fixed 
jto  the  ceiling  directly  over  it ;  on  the  axis  of  this  wheel  is  a 
la^r  one,  which  turns  another  small  wheel  or  pulley  fixed 
to  the  ceifing,  directly  oyer  the  mandrel  of  the  lathe ;  and 
this  last  has  on  its  axis  a  larger  one  which  works  the  mandrel  ' 

D5  by  a  band  of  catgut.  Inese  latter  wheels  are  fixed  in  a 
frame  of  cast-iron,  movable  on  a  joint }  and  this  frame  has 
always  a  strong  tendency  to  rise  up,  in  consequence  of  the 
action  of  a  heavy  weight,  the  rope  mm  which^  alter  passing 
over  a  pulley,  is  &stened  to  the  frame ;  this  weight  not  only 
operates  to  keep  th^  man4ii^*band  tight,  when  applied  to 
any  of  the  gnwves  therein,  but  alwajrs  makes  the  strap  be- 
tween the  two  wheels  on  the  ceilfaig  fit.  As  it  is  necessary 
that  the  workm^  should  be  able  to  stop  his  lathe,  without 
the  men  stopping  who  are  turning  the  great  wheel,  there  are 
two  ptiUeya  or  rollers  (on  the  axis  pf  the  wheel  over  th^ 
lafthe)  for  the  strap  coming  fipom  the  other  wheel  on  the  ceil- 
ing; one  of  these  pulleys,  called  the  dead  pulley,  is  fixed  to 
the  ?ads  and  turns  with  it,  and  the  other,  which  slips  round  it, 
is  called  the  live  pulley  |  these  puUeys  are  put  close  to  each 
oiher,  so  that  by  slicing  the  strap  upon  the  live  pulley,  it 
will  not  turn  the  axis ',  but  if  it  is  slipped  on  the  other, 
it  will  turn  with  it ;  this  is  efiiected  by  a  norizontal  bar,  with 
tmfo  upright  pins  in  it,  between  which  the  strap  passes.  This 
bar  is  moved  in  such  a  direction  as  will  throw  uie  strap  into 
^thc  jive  pulley,  by  means  of  a  strong  bell-spring;;  and  in  ^ 
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coalrary  direclicHi  H  10  moved  by  a  cord  fastened  to  it,  wtddti 
passes  over  a  pulley,  and  faanes  down  wkhin  readi  at  the 
wcHfkoian's  hand;  to  this  cord  is  fastened  a  weight  heavy 
ehougfa  to  counteract  the  hell-spring,  and  bnng  the  strap 
upon  the  dead  pulley  to  turn  the  lathe ;  but  when  the  wei^^ht 
is  kid  upon  a  little  shelf,  prepared  for  tbepilrpoee,  the  sphng 
will  met  and  stop  it. 

Mr.  Maudslav  has  likewise  some  addition^  appalratns  for 
cutting  the  teetn  of  wheels,  in  which  the  face  of  the  mandrel 
t)y  fig.  S2S,  has  seventeen  concentric  circles  upon  it,  -each 
divided  into  a  different  number  of  equal  patts,  by  smatl  hdeu. 

There  is  a  thin  stop  x,  fig.  325,  which  moves  round  on  a  screw  fixed 
in  the  standard  F;  this  stop  is  made  of  thin  steel,  aUd  is  so  fixed,  that 
^en  it  is  turned  up,  and  its  point  inserted  into  any  of  the  divisions 
of  the  mandrel,  it  will  have  a  sufficient  spring  to  keep  it  ihere;  the 
wheel  to  be  cut  is  fastened,  by  means  of  a  chuck,  to  the  screw  n,  and  after 
it  has  been  turned,  and  brought  to  the  proper  shape,  the  rest,  j,  is  tp  be 
4«ken  awi^,  and  the  *iUde-tool  siibstieitM ;  a  square  bar  is  then  pdi  into 
Ihe  two  holders  6  6,  h%.  Sai ;  this  bftrbas  two  branthM  ibr  hlMng'tle^eiids 
of  a  spindle, 'near  one  end  of  which  U  a  pulley,  and  at  the  otlMr  are  feihr 


chisels  fixed  perpendicularly  into  the  spindle  for  cutting  out  the  teeth,  (ii>* 
Utead  of  the  (ifrcuiar  stfw  commonly  usra ;)  the  pulley  is  turned  (wiih  the  inter- 
vention of  several  wheels  to  augment' the  velocity)  by  the  same  great  ^lieel 
M  tfae  lathe,  irith  7^00  revolotioDs  per  miatite ;  the  mandvd  is'ttan  fix^  %y 
the  «top  «,  fig.  335,  and  the  cutter  advaaeed  lowwds  the  ivheel,  by  tbe 
screw  c,  fig.  331.  When  it  has  cut  that  tooth,  the  cutter  is  withdrawn,  :atid 
themandrd  turned  to  another  division,  and  a  tooth  is  cut  again  as  before. 
6%.t  that  part  of  the  frame  df  thecutting-frpindle  where  ihe  bar  which  is  filxed 
in  beholders  of  the  tUda-iool  cottneots  with  the  two  braaohes,  lh<!#e  is  ^ 
joint,  by  which  the  cHttUig««piiidle  ean  be  set  in  an  indimag  positim  fiir 
cutting  oblique  teeth,  Hke  those  which  aie  to  work  with  an  endlesa^seiewp 
The  great  velocity  with  which  this  spindle  turns  soon  generates  by  friction 
and  resistance  a  decree  6f  heat  sufficient  to  expand  it  very  Sensibly ;  but  this 
ingenious  mechanist,  foreseeing  such  a  circumstance,  4ias  ju^diciotoly  <*Mta> 
peosated  for  it  io  his  construction,  by.makxDg  the  Bpiadle  so  shofi  MS  tb 
play  loosely  in  its  sockets  at  the  commencement  of  (he  motion ;  but  aAsr  tk 
few  second  the  expansion  is  suoh  as  to  cause  the  whole  to  fit  together  as  it 
ought  to  do,  and  the  work  of  cutting  to  proceed  with  accuracy  and  safety* 

Mr.  Smartj  of  t^e  Ordnance^wharf,  Westminster,  ham 
made  some  very  useful  lo^roveineuts  in  the  art  ef  tumaifp^ 
and  particulariy  has  struck  oat «  simple  n^Dthed  of  tumu^ 
cylinders  and  cones  in  wood. 

His  turning  machine  is  illustrated  ia%s.  389  end  349,  wfaeM  tlie  1ms  ^or 
stiles  L,  the  puppets  A  B,  the  cheeks  o  e,the  pikes  and  screws  M,  N,  it, 
with  the  handle  D,  Sire  but  slightly  varied  from  the  usual  construction, 
Rotinll' the  mandrel  "fipassesa  bandT  F,  which  also  encompasses  a  latg^e 
«heil,  4iit«bown  ia  Ihe  figure ;  aiiA  when  this  large  wheel  is  tuttied  tounA 
wiihimodenHeswifkncM,  k  iMiaaiumealeB«a>nipid  vdocliy  to  die  vandiel  £, 
aiid.the  lo^g  piece  of  wood  G^  which  is  pc^posed  to  be  made  oylinflricaU 
This  pi^ce  is  previoiwly  hewn  into  an  octagonal  form.  Xbe  cutting  frame  H 
iontkinSi'a'BhavpiTolrtoifli'^Mdh  tsio  answer  the  purpose  of  the  comoroii 
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turning  gnuge,  and  which  is  fitted  into  the  firame  so  as  to  project  a  little  be- 
yond its  innerpart,  after  the  manner  of  a  carpenter's  plane-iron  for  round  or 
ogee  work.  Th^n,  while  the  piece  6  is  turning  swifUy  round  by  a  man 
working  at  the  great  wheel,  another  man  pushes  the  frame  H  gently  on 
from  L  towards  M,  the  lower  part  of  that  mune  fittii^  between  the  cheeks 
0  o,  and  sliding  along  between  them.  By  this  process,  the  piece  G  is  re- 
duced to  a  cylinder,  moderately  smooth ;  and,  m  order  to  render  the  smooth*- 
ness  as  complete  as  need  be,  a  second  cutter,  and  its  frame  I,  adapted  to  a 
rather  smaller  cylinder  than  the  former,  is  pushed  along*  in  like  manner 
from  L  to  M.  This  operation  may  be  perftrmed  with  snch  speed,  that  a 
very  accurate  Cylinder  of  six  feet  long,  and  four  indkes  diameter,  may  be 
fixed  to  the  lathe  and  turned  in  much  less  than  a  mibute. 

Mr.  Smart  turns  a  conical  end  to  one  of  these  cylinders  with 
great  fiicility,  by  means  of  a  cutting-blade  fixed  in  an  iron  hoi- 
low  conical  frame  K,  the  smaller  end  of  which  admits  the 
gike  from  the  screw  S,  fig.  340,  to  which  one  end  of  the  cy* 
nder  G  is  attached ;  as  the  cylinder  turns  rapidly  round,  the 
cutter  K  is  conducted  gently  along  it  by  oieans  of  the  hollow 
frame,  and  soon  gives  the  coniod  shape  to  the  end  of  the 
cylinder,  as  required. 

Some  important  directions  for  turning  screws,  ovals,  cubes^ 
rose-work^  swath-work,  &c^  may  be  seen  in  Moxon's  Mechanic 
JExercises:  see  also,  ^^  Tour  pour  faire  sans  Arbre  toutes 
Sortea  de  Vis,"  par  M.  Grandjeau,  in  "  Recueil  des  Machines 
et  Inventions  approuv^es  par  PAcad.  Roy.  des  Sciences^* 
tom.  V.  j  and  Mr.  Healy's  method  of  cutting  screws  In  the 
conmion  tuming-lnthe. 

Previoasiy  to  entering  upon  the  sereral  branches  of-  our 
manufactures,  where  machinery  will  be  found  in  its  most 
complex  state,  it  may,  perhaps,  be  considered  not  alto- 
gether irrelevaDt^  if  wc  take  a  cursory  view  of  the  mataner  in 
•which  we  have  conducted  the  reader  thus  br.  In  the  first 
piaoe,  we  have  taken  up  the  subject  bv  treating  of  the  Me- 
^i>Tti#nJ  Powers,  and  the  attributes  of  matter^  as  if  he  were 
totally  unacquainted  with  the  science ;  and  having  given  him 
every  necessary  informaUon  with  respect  to  the  Amdamental 
TOtncqplee,  have  then  jj^ceeded  to  demonstrate  the  Moving 
IWers  I  thus  progressively  leading  him  on  to  a  perfect  com- 
pieheDsion  (A  the  invariable  laws  of  mechanics,  befosre  we  have 
.  ventured  to  introduce  to  his  notice  certain  simple  machines 
acting,  either  separately  or  conjomtly,  as  accessors  to  oits 
manufactures.  'Hiese  we  have  now  also  portrayed,  and  so 
nxxxjAy,  that  we  feel  satisfied  he  will,  though  totiUly  destitute 
of  the  science  at  the  conunencement,  be  able  fully  to  comj^ 
hend  and  iq^pr^date  the  several  excellencies  of  the  various 
combinaticHia  which  will  now  be  unfolded  to  hkn^ 
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IRON  MANUFACTURE. 

Works  for  the  manufkcture  of  iron,  owing  to  the  great 
sums  necessary  to  be  expended  in  their  erection,  have,  till 
within  these  few  years,  b^n  confined  to  a  very  limited  scale  ; 
but  the  Hpirit  of  enterprise  which  has  of  late^  and  more 
especially  since  the  French  revolution,  manifested  itself  in 
nearly  the  whole  of  our  manufactures,  conjoined  to  tlie  im- 
mense capitate  acquired  by  many  individuals,  and  the  difficulty 
of  cniploying  them  to  a  better  advantage,  have  given  to  the 
manufacture  of  this  highly  valuable  metal  a  more  decisive 
character. 

The  ores  from  which  the  metal  is  extracted  are,  in  th^s 
country,  found,  in  general,  to  consist  of  iron  united  with 
oxygen  and  various  proportions  of  earthy  matter. 

The  earthy  matter  m  a  state  of  combimition  with  the  iron  may 
be  divided  into  two  classes ;  the  one  callec)  argillaceousy  from 
abounding  in  excess  of  alumine,  or  clay ;  the  other  cakareous, 
from  abounding  in  lime.  The  fonner  is  by  far  the  most 
common  i;  indeed  it  is  owuig  to  the  ore  being  so  frequently 
met  with  in  an  argillaceous  state,  that  iron-masters  are  so 
very  inattentive  to  its  quality,  and  that  we  sometimes  see 
fhem  use  Umestone  as  a  flux  when  the  ore  already  abounds 
with  calcareous  ingredients. 

Both  lime  and  clay,  when  separately  subjected  to  the  usual 
heat  of  the  blast-furuace,  are  infusible  }  but  on  being  mixed 
together  in  ceitain  proportions,  are  too  fusible  even  for  the 
eommon  purposes  of  brick-making.  An  alloy  of  two  metals 
is  also  fusible  at  a  temperature  much  less  than  the  arith- 
metical mean  of  the  metals  themselves. 

Such  being  the  case,  it  is  much  to  be  regretted,  that  ixon- 
masters,  in  general,  are  so  very  ignorant  of,  and  hiattentive 
to,  the  nisibility  of  tlie  different  combinations  of  the  htm  oises, 
which  causes  them  so  frequently  to  be  at  a  loss  what  to  add 
to  the  furnace  in  order  to  produce  the  most  fusible  cinder* 
An  analysis  of  the  pre,  by  which  they  might  learn  the  relative 
proportions  of  itei  earthy  constituents,  and  the  quantity  of 
limestone  or  day  to  be  added  as  a  flux,  would,  in  the  end^ 
prove  much  to  their  advantage. 

In  the  usual  process  of  smeking,  tlie  coke  is  a}ways  a  fixed 
quantit}',  and  the  proportions  of  ore  and  limestone,  are 
Twtfied  according  to  the  quantity  of  iron  to  be  made,  and  th^ 
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voiktng  order  of  the  furnace.  In  proportion  to  the  quantity 
of  lime  and  ore  that  is  added  to  the  standard  .quantity  of  the 
cdce,  the  furnace  is  said  to  carry  a  greater  or  less  burthen. 
Some  furnaces  carry  so  little  burthen  as  not  to  produce  more 
than  13  or  14  tons  per  week;  whilst  others,  with  the  same 
^ized  furnace^  will  yield  60  and  even  70  tons  in  an  equid  time. 
The  burthen  of  the  la8t*»mentioned  furnaces  is  very  great,  the 
ore  to  the  coke  being,  in  some  cases^  as  13  to  /•  t  he  quality 
of  the  iron  is  uniformly  inferior. 

The  burthen  of  the  fiimace  will  vary  according  as  the  iron 
to  be  made  is  required  to  possess  more  or  less  carbon ;  for 
instance^  in  making  No.  1,  or  the  best  iron,  which  contains 
the  greatest  portion  of  carbon,  the  burthen  must  be  consider* 
ably  less  than  that  required  to  make  less  carburetted  iron,  or 
idiat  b  called  white- iron,  or  forge-pig. 

To  afford  a  general  idea  of  the  proportions  of  the  materials, 
we  shall  state  the  quantities,  given  by  .Mr.  Mushett,  as  used 
at  a  blast*{umace,  making  good  meltmg  iron,  which  is  of  an 
intermediate  quality  between  No,  1  and  the  forge-pig.  The 
ore  is  argillaceous,  containing  mi  the  average  about  27  per 
cent,  of  iron ;  the  coal  rather  soft,  but  not  very  bitianinous, 
'  and  contains  a  large  propcnrtion  of  carbonaceous  matter ;  and 
the  limestone,  which  is  that  abounding  in  sheUs,  from  Crttdi, 
in  Derbyshire,  is  very  good.  It  works  with  a  bright  tuyere^ 
and  receives  from  the  blast  about  2,500  cubic  feet  in  a 
minute,  through  a  circular  aperture  of  2}  inches  in^  diameter. 

It  is  usual  at  this,  and  most  othev  furnaces,  to  divide  the 
men  into  two  classes,  one  class  to  relieve  the  other  every 
12  hours ;  these  periods  a^  called  shifU.  The  average 
charges  of  coke  per  shift  are  60  (each  2i  cwt.)  or  about 
mx  tons.  The  qiumtity  of  calcined  ore  for  the  manufecture 
ct  good  melting  iron  is  upon  a  par  with  the  coke ;  and  for 
forge-pig,  or  the  least  carburetted  variety,  fdx  of  coke  to 
seven  of  ore.  The  limestone  unbumt,  under  the  swne 
circun^stances,  is  to  coke  as  4  to  11 ;  and  for  mebing 
metal,  retams  a  sunilar  ratio.  With  the  above  charge  per 
day,  that  is,  for  twelve  hours,  this  furnace  makes  on  the 
average  about  40  tons  melting  iron  per  week. 

Afl^  the  ore  is  dug,  it  is  dnimi  m>m  the  pit  by  the  power 
of  steam-engines ;  it  is  then,  in  order  to  extract  the  arsenic 
and  sidphur,  subjected  to  a  process  cMed  roasHng.  This 
process  consists  in  layins  the  ironstone  in  strata  with  refuse 
plt-coal,  called  in  Staffordshire  slack,  and  setting  five  to  it  on 
(he  windward  side,  burning  it  in  large  heaps  in  Uie  open  air. 

VVhen  the  ore  has  btsen  roasted^  it  is/taken  to  the  smelting 
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or  blast  furnace,  the  lower  part  of  which  in  filled  wkh  either 
charcoal  or  coke ;  the  coke  is  always  a  fixed  quantitjr,.  and 
the  proportion  of  limestone  added  to  the  ore  is  accc*diD|^  to 
the  quantity  of  heterogeneous  matter  with  which  the  luctai  is 
combined* 

A  sectiMi  of  th«  bla^A^ftinitiee  m  tepres^tited  in  Ag  S46.  A,  at  ^  top 
of  the  fumace,  is  8a  opcDiag  for  the  iatrodtictkm  of  the  iMteri&lft ;  B,.  the 
body  of  the  furnace ;  C,  the  place  where  the  blast  is  introduced;  ini  D, 
n  cavity  to  receive  the  metal  when  released  from  the  «arthy  matter. 

Hie  materiab  in  the  furnace  are^  pietioaslr  to  the  Intnv- 
duction  of  the  Uast^  heated  simply  by  the  draught  of  the 
«tmosphere ;  the  cote  and  limestone  to  a  bright  red  or  while 
heat,  and  the  ironnwe  to  a  melting  heat. 

When  the  Mast  is  introduced^  the  metal  immediately  above 
it  is  brought  into  a  state  of  fiision,  and  peneteites  throng 
the  fmd  into  the  canty  D.  The  ore  and  fdel  that  were  above 
it  sink  down  to  fill  up  the  space  left  by  the  ore  melted  ami 
the  fuel  consumed*  Tins  next  comes  under  the  operation  of 
«fae  blast,  end  is  Bimilady  reduced. 

.  The  men  wlio  attend  the  ftunace  keep  adding  ftiel,  ore^  and 
jMMBtont^  through  the  opening  A^  at  the  top,  and  the 
operatim  of  smelting  goes  on,  until  tiie  melted  iron^  in  tlie 
oafity  D>  rises  neany  to  a  imd  with  the  tuyere^tons^  or 
b}iMt^pi{>es. 

The  melted  iron  is  tiien  tapped,  by  driving  a  round-^poitited 
har  intu  a  sort  of  loam,  with  which  the  hofe  is  stopped,  and 
run  into  moulds  asade  in  sand  $  in  this  state  it  k  cmlled  pig 
Off  cast^uiNi^ 

When  the  slag,  m  smriting,  has  a  greenish^grey  appear- 
imee^  k  is  a  ceftaio  sign  that  the  furnace  is  in  excellent 
•nkr ;  and  when  the  eoloor  changes  to  black,  it  denotes  that 
wmething  is  going  wrong. 

hi  maUng  Sie  best  iron,  called  No.  1,  whidi  possesses  the 
grasftest  quaatity  of  caibon,  it  frequently  happens  tkat  a 
pMtiou  of  the  iron  will  vnite  with  a  great  excess  of  caibon  ; 
ttioA  as  this  oafftaret  is  less  fusible  than  the  iron,  it  will,  pie* 
vfousiy  to  ttw  iron  entedag  into  the  pig-moulds,  be  seeu 
floating  at  the  top  in  tiie  fonn  of  scales.  The  appeamnoe  of 
this  substance,  c^ed  by  the  workmen  kisA,  is  a  sign  tiiat  the 
fdraace  is  woddng  the  best  sort  of  iron ;  indeed^  it  is  so 
ttommon  an  attendant  on  the  production  of  the  most  highly 
eMcbonjaed  mm,  that  the  wo^men  have  applied  the  tenn 
4kw^  to  that  peealinr  soft  t»f  iron. 

The  limestone  and  the  euttks  being  mudi  lighter  than  the 
wetal^  ioat  open  its  sitrface,  and  gradoalty  rising  as  the  metal 
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^MA^  thottgh  ^t  i^ht  ao^efi,  we  have  repre»eiited  by  the 
^oUK^  tees  encloflii^  Ae  kfttcv  L  T  is  called  tbe  fymp- 
Mirnn^  U^d  fermB  «  bridge  ovier  tbe  ^vfly  in  which  the  liquid 
^detr  tiMift  $  /  is  the  h^nnp-platty  to  give  the  stone  greater 
%nmMii^  M  ir^  Wbich  is  called  the  dam-plaie,  does  the  d&m-' 
Stone.  The  dnder^  if  not  taken  to  mend  tbe  ix^ads,  is  thrown 
AWWy  Its  nMlctos. 

Sometimes  two  blasts  ate  introduced,  as  may  be  seeti  in  ftg.  34T,  tliat 
Uasty  and  dial  fbniace,  trhich  oan  reduee  the  greatest  qilairtity  d(  fat\  in  ^ 
'aartsin  tine^  wiU  always  produce  the  gpreatest  quaatity  of  ihm. 

l%e  %Iast  conyeyed  into  the  femace  is  frokn  1,000  to  4>0dt) 
tMt  |fi^  mtei^te ;  and  it  is  worthy  of  remark,  that  the  quantity 
tif  tio^thl  fined  does  not  agree  with  the  ratio  of  the  Mast ;  fet 
jftWaince,  a  bkuat  of  1,600  feet  per  minute  will  manufacture 
m^MoBii  ^aelttiB^  hKiAper  week ;  a  blast  of  3,000  only  80 
%ms,  tind'a  Mast  of  6^t)00,  which  is  douUe  the  last,  and  fbui* 
ittoQIBB  tiie  Sflttoant^f  the  first  Mast^  onl^  36^  tons  per  week ; 
and  i^ain,  a  blast  of  S|  lbs*  per  squaire  mch  wiU  manufacture 
tlpom^  td  115  tcM  per  we^ ;  while  two  pipes  of  the  same 
^iKamettt  tt  tlie  h»t,  wkh  a  blast  of  Slbs,  per  square  inch, 
mn  ne^er  exceed  30  tetas. 

In  the  sunmier  months,  owing  to  the  increased  temperature 
of  the  atmosphere,  tbe  fumactes  yield  little  better  tnan  one 
Ittif  the  quantity  that  Vtiey  do  in  winter,  and  the  hron  is  of 
IHI  kifcricAr  qtoditv.  In  itotte  maDn&ctories,  by  adding  a 
tftettter  qoantily  of  jf^el,  the  quaUtr  of  the  iron  is  preserved ; 
but  ift  ethers  no  addition  of  filel  will  compensate  for  the 
dtiiciie»ey  oifthlnr  in  quality  or  quantity. 

fai  presenting  the  seetion  of  a  bhiat-fdm»ce>  represented  in 
fiij^  346,  we  do  not  pi<ietend  to  tecommend  it  as  the  best  form 
of  eOBStlti^Btion.  iJiffereiit  iroA-masters  have  variously  con-  . 
stnicted  their  furnaces,  and  as  each  of  them  can  boast  of 
b^iim^  iti  iiotoie  degree  successf«l|  it  were  needless  to  give  a 
deseri^tien  of  any  partic^itair  one ;  we  shell  therefore  briefly 
menmn,  thsCt  of  wibatev«r  materials  the  buildings  be  made^ 
etae  Ab\M  be  iseketi  %hat  they  <x>titain  ho  more  moisture  than 
M  fhbsalifbdy  neoeiSBary  for  their  proper  construction. 

in  live  arMfkA  <of  %he  Wtdl,  «  space  of  about  six  inchell 
skenili  :be  left  Item  the  bottoifi  «6  the  top ;  in  this  apeiture 
BtmA  fipagttietita  of  saftd-^ltbnei  tiot  exceedhig  the  size  of  an 
i^gf  may  be  iMtrodCNsed,  sio  tlmt  When  the  e!!q»ansion,  pro* 
ceding  firom  ^  Ifit^-building  of  Uie  iftit^or,  causes  the 
Mcks  immedittbdy  In  <eont«Gt  to  push  iOWtwards^  the  masses 
at  eand-'atoiie  «r^  ifislanftly  vedoced  in  mte,  md  fittng  the 
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intersticei  occasioned  by  thdr  former  angular  sbapei  oocopjr 
much  leas  space,  and  present  to  the  flame  or  fire,  should  it 
be  incluied  to  penetrate  so  far,  a  solid  vertical  stratum  of 
sand,  after  having  secured  the  expansion  of  the  furnace  W 
the  extent  of  some  inches.  The  effects  of  the  oressure  ave 
thus  diverted  from  the  shell  of  the  building,  and  lost  in  the 
pulverization  of  the  sand- stone. 

The  advantages  resulting  from  tiiis  plan  may  be  nearly 
doubled,  by  using  a  double  lining  of  fire-bricks,  between  each 
.  of  which  and  the  common  building  a  similar  vacancy  should  be 
left,  but  filled  with  sharp  sand,  containing  no  more  moistufe 
than  serves  to  compact  it  in  a  firm  body ;  as  tliis  moisture 
becomes  gradually  expelled  in  the  slow  heating  or  annealing^ 
of  the  furnace,  the  sand  occupies  less  bulk,  or,  which  is : the 
same  in  effect,  is  tfidn  susceptible  of  a  greater  degree  cf  com- 
pression when  the  gradual  expansion  of  the  furnace  comes 
on.  It  is  evident  tiiat  the  force  is  here  also  diverted  against 
the  sand,  in  place  of  aetii^  imniediately  with  a  tendency  to 
4^nlarge  the  circumference  of  the  building. 

Over  and  above  these  precautions,  the  annealing  or  drying 
of  the  furnace  in  a  progressive  and  regular  manner  ought  to 
be  carefully  attended  to,  and  continued  for  two  or  three 
months  at  least. 

Many  methods  have  been  adopted  to  obtain  a  r^ular  and 
uniform  blast.  The  first  that  we  shall  notice,  and  which  is 
in  pretty  general  use,  is,  by  discharging  the  ah*  from  thi^ 
blpwing-cylinder  into  an  intermediate  cylinder  of  larger  dBft- 
meter,  called  the  regulator ;  in  this  vessel  is  a  loose  piatoii, 
which  is  forced  up  by  the  air  from  the  blowing-cylinder,  and 
being  weighted,  it  descends  during  the  returmng  stroke,  and 
continues  to  pre^  the  air  into  the  furnace,  by  which  means 
a  more  steady  and  uniform  blast  is  kept  up  than  wo^ld  be 
effected  by  the  first  cylinder  alone. 

As  this  method  of  regulating  the  blast  has  been  found  to 
be  far  from  perfect,  other  means  have  been  resorted  to  with 
a  view  of  obtaining  the  desired  end.  The  one  called  the 
water-regulator  consists  of  a  large  cistern,  in  which  anothef-^ 
of  less  area  and  capacity  is  inverted.  Through  the  bottom 
of  the  smaller  cylinder,  which  is,  from  its  bong  inverted, 
uppermost,  a  pipe  communicates  with  the  blowing-cyfinder, 
*Jnia  inner  cistern  is  filled  with  water,  as  is  also  the  apace 
between  the  inner  and  outer  cistern  to  the  same  level.  Now, 
suppo^ng  the  air  to  be  forced  from  die  blowing*<^Iinder 
through  Uie  above-mentioned  pipe  into  the  inner  cistern,  the 
water,  being  displaoed  by  the  air,  will  descend  in  the  iunei^ 
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clMtem,  and  rise  up  between  the  two  vesaek  tQl  the  cokimn 
of  water  on  the  outside  be  equal  to  the  required  force 
of  the  blast ;  this  column  would  be  about  4  lbs.  upon  a  square 
inch,  and  about  nine  feet.  Another  pipe  proceeds  from  the 
same  cavity  in  the  inner  vessel  to  the  furnace^  and  com- 
municates nearly  a  uniform  blast,  varying  only  with  the  outer 
column  of  water^  which  will  be  less  as  the  outer  sttffaee  &I  the 
water  is  greater. 

This  contrivance,  though  foi*  some  time  considered  ati 
important  discovery,  has,  in  many  instances^  been  abandoned^ 
onnng  to  its  carrying  water,  both  in  a  state  of  sptay^  produced 
by  the  imitation,  and  in  a  stat^  of  vapouif^  into  the  fomace, 
by  which  both  the  quality  and  quantity  of  the  iron  was 
materially  affected. 

Anoth^t  mode  has  been  attempted  to  eoualize  the  blast| 
called  the  air-vauk.  The  first  experiment  off  this  nature  was 
tried  at  the  Clyde  iron-^works^  by  excavating  a  large  cavity 
in  a  rock,  into  wUch  the  air  was  forced  by  the  Uowihg 
machine ;  but  the  trial  was  unattended  by  success,  partly  from 
the  vault  not  being  air-tight,  and  partly  from  the  moisture 
which  emded  from  the  i^ock  mixing  with  the  air. 

A  more  successful  experiment  was  made  at  ihe  Carron 
iron-works.  An  air->vault  of  wrought-iron  pkte  has  been 
employed  in  one  of  the  furnaces  at  Bradle^^  m  Staffordshire, 
which  appears  to  answer  very  well.  Its  form  is  a  cylinder 
about  10  or  12  feet  diameter,  and  50  or  60  feet  long. 

Aocofdmg  to  an  average  deduced  fii>m  a  series  of  experiments  mad*  by 
Ur.  rhmd  Mitdiett,*  it  appears,  that  wlien  the  outer  air  was  from  S3^  to68% 
the  air  immfdiately  after  its  escape  from  the  blowing  cylinder  into  a 
leceinng  vessel,  was  increased  from  63^  to  90^»  and  from  68°  to  99i°.  In 
an  average  of  thirty  experiments  the  air  in  Uie  act  of  condensing  was  raised 
ZO^,  this  would  have  the  effect  of  increasing  its  volume  not  less  than  ^ 
of  the  whole,  and  the  increased  pressure  of  the  blailt  by  this  cause  atone, 
wsidd  be  nearly  half  a  pound  upon  an  inch.  Or,  in  other  words,  if  the 
air  were  introduced  into  the  (omaoe  at  €0%  the  same  quantity  would  he 
admitted  with  half  a  pound  less  pressure  upon  an  inch  than  if  it  were 
90^.  '  Hence  any  means  of  cooling  the  air  after  its  condensation,  in  all 
seasons  of  the  year,  must  be  attended  with  beneficial  consequences.  If  the 
ai^vMilt  were  raade^  of  wrought4ron,  and  its  surfiice  constantly  kept  wet, 
the  evapocation  from  so  great  a  suifiice,  if  freely  exposed  on  all  sides  to  the 
air,  would  cool  the  air  very  considerably.  Indeed,  without  the  aid  of  the 
moisture,  the  effect  would  be  such  as  to  recommend  its  adoption.  It  was 
supposed,  Olat  in  the  summer  season  there  would  be  some  advantage  in 
bnnging  the  air  under  ground  for  a  connderable  distance  before  it  enter^ 
the  btowiag  machine;  but  the  resistance  arising  from  the  friction  on  the 
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*  Kdinkitrgh  BtkcythpHim,  Dr.  Brewster^  4to. 
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sU«fl  of  thedmoAfls  thraugb  which  it  m«it  pus  hat  been  fouiul  to  be  an 
obstaide  that  ovecniles  it. 

The  pig^'iran  which  has  the  smallest  portion  of  carbon  i» 
the  b^t  adapted  for  conversion  into  malleable  iron :  and  as 
a  i^oof  thai;  the  pi^iron  has  only  to  lose  its  carbon  to  become 
niaUeable,  we  shall  state  the  bet,  that  we  have  in  this  country^ 
at  tUi  present  timQf  many  manufitctories  upon  a  hirge  scale^ 
for  the  express  purpose  of  convertin|^  articles  made  of  cast- 
wm,  aucb  aa  iiaiW  eutler^^  &c.  into  uon  perfectly  malleiUile, 
wHliiout  idtmog  in  the  slightest  degree  the  figure  given  to 
them  in  the  caatiog.  We  have  even  seen  nails  made  in  this 
wi^  welded  together*  And  when  cold  bent  at  right  angles  in 
anije. 

The  method  of  releasing  the  pig-iron  of  its  carbon,  or  of 
cpnTf  rting  it  into  what  is  called  wrought  or  malleable  iron 
i%  by  ph^ipg  it  ip  an  open  furnace,  termed  a  refinery,  and 
by  apBie  a  rutk^ofit  furnae^,  heated  by  cokes,  and  subjected 
to  th»  eyeration  of  a  F-er^  powei^ul  blast.  The  pi^iron  is, 
bM  u^n  the  cokes,  and  la  aoon  melted,  leaving  much  of  ita 
impwnty  behind.  This  is  termed  refoin^  it.  The  metal 
when  melted  is  run  into  platea,  abouti  fipur  inches  thicks  and 
at  a9W  M  iti  hecoaaea  set,  is  thrown  into  wii^j^  wbic^  makes 
it  n»ore  fmngibley  and  eaaief  to  b^  broken. 

The  KflniDg^  ftirnace  is  represented  in  figs.  346  and  349.  A  is  a  noesfl, 
ov  trough,  n^9  of  cast  wftal^  liaving  a  b^ttoni  of  fife-alone  0|r  brick. 
This  recess  is  surrounded  op  three  sides  l^  a  caii^.  through  vhidi  water 
is  constantly  passing  from  the  cistern  C;  pp  are  two  pipes  connected 
wiitli  the  blowing  machine,  and  entering  into  conical  openings  in  Ibe 
reining  flunaee.  These  pipes  aie  kept  oool  by  water  mn  the  pipe  a^ 
which  niDS  off  al  the  pipe  b^e,  fi  is  a  ahaUow  faeess,  about  foi  inches 
deep,  to  receive  the  metted  mass. 

When  the  cake  of  metal  Is  broken  into  lumps  of  a  con- 
venient size,  it  is  taken  to  the  puddling  furnace,  where  it  ia 
heated  with  coals,  without  the  aki  of  an  artificial  blaat  Aa 
soon  as  the  metal  becomes  heated,  and  begins  to  melt, 
or  has  a  frosty  appearance,  the  fumaceman  throws  in  a 
sxnall  quantity  of  water  to  keep  it  at  a  proper  temperature 
and  keeps  stirring  and  maviag  it  about,  so  that  the  carbon 
makes  its  escape.  The  water  that  is  thrown  in  to  preserve 
the  temperature  also  assists  in  some  degree  the  decarboniza- 
tion.  The  quality  of  iron  depends  much  upon  th^  attention 
thfut  is  paid  to  it  during  this  process. 

When  the  inm  is  deprived  of  the  oaibon,  or  fusible  pro- 
»Tty  it  before  possessed,  the  furnaceman  rolls  it  up  inta 

Is  of  one  half  o^  thnsa  qoaitor^  of  a  cwt.  each.    It  is  thea 
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brought  out  of  the  furnace  and  placed  under  a  tilt-hammer^ 
or  passed  through  the  hdls,  or  rollers,  which  consolidates  it^ 
and  forces  out  more  of  the  impure  parts.  A  considerable 
loss  in  weight  is  sustained  in  this  process,  not  only  from  the 
iron  losuig  its  impurities,  but  also  from  the  sur&ce  of  the 
bloom  or  bar  oxydizing  and  falling  off  hn  scales  whilst  being 
worked.  The  loss  which  is  thus  sustdned  in  weight  ia 
generally  eeliiiiated  ai  one-sixth  or  one^seventb  of  the  whole. 

A  sectioii  and  elevation  of  the  paddHna  Aimace  is  repreaented  in  fig.  350. 
A  is  the  door  for  the  admission  otnetaly  haYing  a  small  square  hole  A,  £:« 
the  introduction  of  the  rake  and  other  toob  used  by  the  fimtaceman*  3  is 
itie  chimney;  C  the  ash-pit;  And  D  the  grate.  At  E  is  a  circular  canty, 
wheie  the  prepared  metal  is  laid,  and  the  flame  passes  over  it  up  the 
chimney  B.  The  heat  of  the  ftimace  is  so  intense  that  witbont  having  the 
doov  for  a  gnazd,  and  the  small  hole  h  for  the  introduction  of  the  imple- 
meatSy  the  fhmapeman  could  not  approach  it ;  nor  indeed  can  he  as  it  is 
without  suffering  great  inconvenience.  The  hple  is  also  of  u^  for  him  to 
look  into  the  furnace  to  observe  how  the  vqtIl  Is  going  oi|.  At  first  the 
Ugbt  is  too  intense  to  be  borne,  but  by  practice  the  eye  at  length  becomes 
accustomed  to  it,  and  is  able  perfectly  to  distinguish  the  different  masses  as 
they  lay  in  the  furnace. 

The  iron  having  undergone  this  process  is  taken  to  tibo 
ahesrs  and  cut  into  lengths  of  about  one  or  two  feet,  and  in 
order  to  impart  closene^t  aod  solidity  is  piled  into  pieces  of 
veven  or  eight  togetberj  and  heated  m  another  furmu^e,  verjr 
similar  to  Ae  one  just  described.  There  is  no  occauon  this 
thne  to^  remove  them  about,  for  die  iron  having  lost  its 
carbon  is  inftisible.  When  it  is  of  a  sufficient  heat,  which 
tb^  bnmac^mim  from  practice  cm  easily  tell  by  bi^  eye^  it  is 
again  brought  to  either  the  hammer  or  the  rollers,  and  ia 
wotited  into  a  bar.  This  is  called  No.  2  iron.  Again,  further 
to  improve  l^e  quali1^>  it  is  cut  up^  piled^  and  worked  over 
agwpt;  and  Is  tbmi  caued  No.  3>  or  nest  iron.  The  more  the 
ifO»  ia  worked  the  purer  it  becomes,  and  the  grain  becomes 
more  dosdy  united ;  but  of  oouMe  it  becomes  more  expensive. 

Two  kinds  of  hammer,  moved  bjr  machinery,  are  used  in  iron-works. 
The  (HM  caUed  the  forge^hmmer  is  represented  in  fig.  353.  The  first 
mover  ^ives  motipn  to  the  shaft  A  A,  by  ^teans  of  a  cogrwheel  acting  npon 
the  pimen  B.  The  shaft  is  regulated  by  a  fly-wheel  C,  and  has  at  the 
Aur^er  spd  a  number  of  cogSj  which  b^  passing  under  the  shaft,  or  helve,  D, 
lift  the  hammer  £.  F  is  a  strong  horizontal  beam,  inserted  in  the  post  0,^ 
and  loaded  with  heavy  pieces  of  metal,  at  H,  to  prevent  it  receiving  motion 
fivqn  the  hamqier.  Another  large  beam  of  wood,  made  of  either  oak,  or 
ash,  f«4  most  frequently  the  latter,  is  inserted  in  the  posts  IK.  The 
hammer  in  its  ascent  strikes  against  this  beam,  called  the  rabbit,  which 
fay  jt9  elasticity  veaots  upon  the  hammer,  and  causes  it  to  descend  with 
gi^aiar  velocity  than  would  be  produced  by  gravity  alone. 

'  TbB  ccmstruction  of  a  HU^hommfr  di&rs  from  that  of  the 
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fotge^  by  being  poiaed  on  a  centre  of  motion,  about  the  middle^ 
at  two-thirds  of  the  length  of  the  helve  from  the  head,  and 
from  receiving  its  motion  from  oc^b  actuig  upon  the  tail  of 
the  helve.  In  ■ome  few  cases  the  ash  spring  is  placed  over 
the  head  of  the  hammer  similarly  to  that  above  described  ; 
but,  in  genend,  the  udl  of  the  helve  is  made  to  strike  agidnst 
a  fixed  floor,  and  the  hammer  from  the  force  it  has  received 
continuing  to  rise  after  the  tail  strikes  the  floor,  the  halve 
bends,  and  by  its  elasticity  causes  the  hammer  to  descend 
with  greater  force  upon  the  anvil. 

The  HU-hammer  ii  rq>i«tented  in  fig.  354.  It  is  taken  from  a  tilt4nill 
made  at  the  Camm  iron-woria  in  Scotland,  after  designs  of  the  celebrated 
Mr.  Smeaton.  It  is  adapted  for  forging  iron  into  bars.  The  descriptioii 
IS  extracted  from  Dr.  Rees's  Cyeiop€edia. 

Having  described  the  manner  m  whidi  the  tilt-hammer  is  conneeted 
with  the  fint^moTery  (drawings  of  which  may  be  seen  in  the  woffc,)  the 
author  proceeds  to  explain  the  figure  above  referred  to ;  tf  the  iron  head  of 
the  hammer,  /  its  centre  of  motion,  and  tf  the  tail  or  extreme  end,  upon 
which  the  cogs  of  the  wheel  act,  and  which  is  plated  with  iron  on  the  upper 
side,  to  prerent  it  fiom  wearing. 

P  is  the  anvil-Uock,  which  must  be  placed  on  a  very  firm  foundation,  to 
resist  the  incessant  shocks  to  which  it  is  subjected:  the  centre,/,  or  axia 
of  the  hammer,  is  supported  in  a  cast-iron  frame  ^A,  called  the  hiist. 
When  the  cogs  of  the  wheel  strike  the  tail  of  the  hammer  suddenly  down^ 
and  raise  the  head,  the  lower  side  of  the  tail  of  the  hammer  strikes  upon  a 
support  n,  which  acts  to  stop  the  ascent  of  the  head  of  the  hammer  e,  when, 
it  arrives  at  the  desired  heignt;  but  as  the^  hammer  is  thrown  up  with  a 
considerable  velocity  as  well  as  force,  the  effort  of  the  head  to  continue  its 
motion,  after  the  tad  strikes  the  stop  a,  acts  to  bend  the  helve  L  of  the 
liammer,  and  the  elasticity  of  the  helve  recoils  the  hammer  down  upon  the 
anvil  with  a  redoubled  force  and  velocity  to  that  which  it  would  acquire 
from  the  action  of  gravity  alone. 

'  To  obtain  this  action  of  recoil,  the  hint  g  k  must  be  held  down  as  firmly 
as  possible ;  and  for  this  purpose,  four  strong  iron  bolts  aro  carried  down 
from  the  four  angles  of  the  bottom  plate  h,  and  made  fest  to  the  solid  basis 
of  stone  R  R,  upon  which  the  whole  rests ;  upon  this  basis  are  placed  four 
layers  of  timber,  I  ik  f  m,  which  are  laid  one  upon  another,  and  me  timbers 
of  each  layer  are  hud  cross-ways  over  the  othets.  Badi  layer  consists  of 
several  pieces  laid  side  by  side,  and  they  are  slightly  treenailed  togeUier,  to 
form  a  platform.  Each  pUtform  is  rather  less  than  that  upon  which  it  ieat|» 
so  as  to  form  a  pillar  of  solid  timber ;  on  the  top  of  which  the  hirst-firame, 
g  A,  M  placed,  and  firmly  held  down  by  the  four  bolts,  which  descend  throurii 
all  the  platforms,  and  have  secure  fastenings  in  the  solid  masooiy  beneam. 

The  stop  n  is  supported  by  a  similar  pillar,  but  smaller,  and  composed  of 
three  layers:  the  upper  piece  s,  wbicn  is  seen  cross-ways,  is  about  yiras^ 
feet  long,  and  the  under  side  is  hollowed,  so  th^  the  piece  bean  only  upon 
the  two  ends,  leaving  a  vacancy  beneatli  it,  whidi  occasions  it  to  bencTor 
spring  every  time  the  tail  d  of  the  hammer  strikes  upon  it,  andihis  aids  Che 
retorhng  action  very  much. 

Tbt  axis  on  wfauh  the  hammer  moves  is  formed  by  a  ringof  lul  liiw, 
through  which  the  helve  of  the  hammer  is  put,  and  hM  fest  by  Tfiilgjm 
round  it.    I>.e  ring  has  a  projecting  trunnjoo  on  each  aids,  sndinf  ia  m 
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.fiblat*  coA&od  polAty  which  is  ie«etv0d  in  a  locktt  tnoHy  fixed  in  tb«  hint- 
fnme  ghyhw  screws  and  wedges,  one  or  which  is  seen  at  r.  These  two 
sockets  are  thus  capable  of  adjustnlefat,  so  as  to  make  the  hammer  face  fall 
fiat  upon  the  anvil. 

In  the  Carron  iroD-woiks^  thite  hammers  are  worked  from  the  same 
sha|t  In  such  case  it  is  necosaiy  to  have  the  thrise  wheels  that  com- 
municate motion  to  their  respjective  hammers  of  difi^srent  sizes  and  nnmbeia 
of  cogs  to  j>rodace  that  velocity  in  each  hammer  which  it  best  adapted  ibr 
the  work  it  is  to  perform ;  thus  the  wheel  for  the  hammer,  which  is  repre- 
ittitid  in  ^^  36%  has  eight  cogs,  and  therefore  product  eight  blows  of  the 
fcaMMrt*  for  each  levolution  of  the  fly-wheel;  the,  wheel  for  the  middle 
hammer  has  12  cogs;  and  the  wheel  for  the  smaller  hammer  16;  the 
latter  will  therefore  make  two  strokes  for  everv  one  of  the  great  hanuners. 
In  filing  the  three  wheels  upon  the  great  shaft,  care  is  taken  that  they 
shall  produce  die  blows  of  the  different  hammers  in  regular  succession, 
and  equalize  as  much  as  possible  the  force  which  the  water-wheel  must 
exert  The  wheels  are  fixed  on  the  shaft  by  means  of  a  wedging  of  hard 
wood)  diiven  in  all  round ;  the  wood  being  capable  of  yielding  a  little  to 
the  shocks  occasioned  by  the  cogs  meeting  the  tails  of  the  hammers, 
tenders  the  concussions  less  riolent. 

The  following  are  the  principal  dimensions : 

The  he^d  of  the  great  hammer  weighs  3^  cwu  and  it  is  intended  to  make 
150  blows  per  minute;  it  is  lifted  17  inches  fivm  the  anvil  at  every  blow. 

The  midale  hammer  is  2  cwt  and  makes  225  blows  per  minute ;  it  is 
lifted  14  inches  each  time. 

The  small  hammer  weighs  H  cwt^  and  makes  300  blows  per  minute;  it 
is  lifted  only  12  inches. 

To  produce  these  velocities,  the  great  axis  upon  which  the  cog-wheeb 
are  fixed  must  make  18i  turns  per  minute;  and  the  pinion  upon  this  axis 
bein^  in  proportion  with  the  cog-wheel  upon  the  shatt  of  the  water-wheel 
as  1  is  to  3,  the  water-wheel  must  make  6f  revolutions  per  minute ;  tlie 
water-wheel  being  18  feet  diameter,  its  circumference  will  l^  18  »  3  .  1416 
«i  56  .  54,  or  &^  feet;  this  multiplied  by  6*25  is  about  353  feet  motion 
per  minute,  or  divided  by  60  »  5*9  feet  motion  per  second  for  the  circum- 
ference of  the  water-wheel. 

The  tilt-millfl  employed  in  the  manufacture  of  steet,  do 
not  have  the  great  hammer,  but  the  largest  they  use  is  about 
the  size  of  the  middle  one,  and  is  adapted  for  welding  faggots 
of  steel  to  make  sheer  steel :  the  other  two  hammers  ar^ 
about  the  size  of  the  smaUest  just  described,  and  are  made 
to  work  much  quicker,  viz.  nom  350  to  400  blows  per 
minute.  This  is  very  easilv  accomplished  by  making  the 
pinicHi  upon  the  fly*wheel  shaft  in  proportion  to  the  cog- 
wfaeeLmt  acts  upon  it,  and  is  fixed  to  the  water-wheel,  as 
lfato4. 
lias  highly  valuable  metal,  having  undergone  these  pro- 

s,  is  now  sold,  and  is  used  by  smiths  for  an  innumerable 

T  purposes.    Indeed,  when  we  reflect  upon  the  many 
of  men,  women,  and  children,  who  are  daily  era- 
pluyfedifi  the  manufitcMre  and -working  of  this  metal;  wbeir 


88D  THK  ^miATlVM  MBOUANIC 

we  tbt^Alkit' tkt  immehfle  number  of  faftnilteft  «f  taiH^, 
nieltergf  i^finets,  smiths,  and  other  handicraftsmen,  vfbo,  in 
all  the  civilized  parts  of  the  world,  look  up  to  this  particular 
hraneh  of  mfeouifiactaire  Cor  their  maiAtenacoe  and  support ; 
whefi  we  consider,  that  the  once  obscure  and  inconsideraUifc 
Tillage  of  Merthp  Tydnl,  though  wild,  barren,  and  sterile, 
and  too  poor  to  produce  even  the  common  necessaries  of  life, 
has  been  pe<^led  in  the  tefitli  of  every  ohstacl^  and,  within 
the  wpmot  <rf  tef«ntjr  yeara^  has,  through  the  maaufiicture  of 
this  metal,  become  by  far  the  hrge^  and  most  pwutous 
town  in  Wales;  we  catmot  but  r^oice  that  this  metal  is  one 
of  the  stifle  niaati&otures  of  Great  Britain. 

When  this-  metal  has  become  too  much  worn  to  answer 
kmger  the  purpose  f6r  Whieh  the  smitih  designed  it,  it  is  adld 
to  the  'dealers  in  marine  stores,'  who  assort  it  into  three 
parcels;  one  called  coach-tyre,  consisting  of  the  old  tyre  of 
coach  and  other  wheels  ;  another  bushel  irony  beai^  renmants 
of  old  hoops,  -and  diftrent  pieces «of  iron  of  simmtr  nature ; 
•hd  aiielher  jcrap  or-nn^-^n,  consMting  of  old  iiaUs,  screiTs, 
ntits,  and  pieces  of  that  descriplion. 

These  are  sold  to  the  manufacturer  to  be  remanulactured. 
The  process  of  remani^fiicturing.  is  as  follows : 

Two  pieces  of  iron,  each  forming  three  sides  of  a^square, 
are  fixed  to  a  wooden  bench,  about  10  or  12  incUes-4ipart. 
In  the  space  between  these  two  pieces  are  placed  two  rods  of 
iron,  about  three-eighths  of  an  inch  square,  one  rod  being 
placed  close  to  each  of  the  pieces*  On  these  rods  are  laid 
pieces  of  old  hoop,  previously  straightened,  and  cut  to  the 
proper  lengths  of  13  or  14  inches,  according  to  the  intended 
length  of  the  faggot.  The  ends  of  the  hoop  rest  upon  the 
bottom  of  each  of  the  pieces  of  iron  firat  descnbed^aiid  similar 
pieces  of  hoop  are  ranged  upon  each  side,  while  the  intexiar 
IS  filled  with  bnshel  or  scrap  iron.  The  top  is  then  covered 
with  hoop,  and  the  whole  pressed  tightly  down,  and  bounds 
by  bringing  the  ends  of  the  three-eighths  rod  together,  muk 
screwing  them  round.  This  is  termed  B^foggot,  being  about 
12  or  14  inches  long,  and  six  inches  square. 

The  faggot  is  then  carried  to  a  furnace  not  moA  unlike 
the  puddling  fiimace,  and  when  snfiiriently  heated  is  bibu^ 
out,  and  passed  through  the  rollers,  and  made  into  what  ore 
ealied  bidoms.  These  blooms  are  generally-  about  two  ftet 
hmg,  by  three  or  four  incfaQS'^cttde;  and  two  thick. 

Ihe  blboms  are  again  exposed  to  die  heat  in  the  fiHtMPr% 
aad  when  at  a  proper  temperatare  are  taken  out  eaiijiiMUMsd 
tiuxyughtfae  ruUers^  either  those  rq»reM»itad./ia  Bg;  SBli  J*f 
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those  in  fig.  352,  accordingly  as  they  are  to  be  made  into 
hoops^  or  bars.  The  hoop-rollers  are  represented  in  fig.  3&1 ; 
the  bar-rollers  in  fig.  352. 


Tablet  of  the  average  weight  of  bars,  squares,  and  bolts, 
10  feet  in  length. 
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C.  qr.  lb. 
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C.  qr.  lb. 

6X4 
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+ 

—  3  19 

■i- 

—  28 

.                   X 

—  1     1 

Hx4 

111 

•r 
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iV 
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+ 
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4 
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i 
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4 
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4- 
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' 

—  1  12 

4 
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X 

—  1  10 

A 
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4 
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4 
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4^ 
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4 
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3 
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iV 
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i 
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4 
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4 
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4 
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S 
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ij  X  i 
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J 
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A 
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SQUARES.       1 

BOLTS. 

Incbef. 

C.  qr.  lb.    1 

Inch«. 

C.  qr.  lb. 

3 

2  3     O 

3 

2   0    18 

2i 

2  2    3 

2^ 

13  22 

5H 

2  1     8 

2^ 

1  3     6 

«* 
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2* 

1  2  17 

2f 

1  3  18 

2tr 
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«i 

1  2  24 

24 

1  1   11 

«+ 

12     5; 

2^ 

1  024 

«i 

1   1    14  1 

21 
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2 

1  0  25  1 

2 

—  S  24 

U 

.10     8 

—  3     9 

H 

—  3  21 
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U 
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H 
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li 

—  2  11 
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U 

—  1  25 
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U 

—  1   15 

—  1     5 

1 

—  1     6 

—  0  27 

i 

—  0  26 

—  0  20 

^ 

—  O  19 

—  0  15 

i 

—  0  13 

—  0  10 

i 

—  08 

—  0  17 

STEEL  MANUFACTURE. 

WiisN  iron  haB  Idst  aU  its  carbon,  and  has  become  inaUcs- 
,  able,  it  can  be  reimpregtiated  with  carbon,  to  a  certain  extent, 
without  materially  mmring  itii  malleable  properties. 

The  compound  of  iron  and  carbon  thus  produced  is  caHed 
steeL 

To  reimpresnate  the  iron  with  carbon,  it  must  be  put  into 
a  close  vesse^  called  a  cemeniing  pot,  and  stratified  with 
powdered  charcoal. 

The  pots  are  made  with  a  peculiar  kind  of  stone,  termed 
Jhre-^tcney  which  is  found  abundantly  in  the  neighlK>urbood 
of  Sheffield,  li,  possesses  the  properties  of  not  being  liable 
to  crack  by  the  heat,  or  of  entering  into  fusion.  These  pcits 
in  the  interior  dimensions  are  from  10  to  15  feet  long,  and 
from  24  to  30  inches  square.  Each  bar  of  iron  is  com* 
pletely  covered  with  powdered  charcoal,  and  the  last  stratum 
of  it  is  usually  made  much  thicker  than  the  rest,  and  kept 
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close  with  a  mbtture  of  «aiid  ain4  clay,  to  prevent  the  oharcoal 
from  entering  into  combuation  with  the  outer  air.  Two  of 
these  pots  only  are  contained  in  a  furnace  at  a  time,  and  fire  is 
ipradually  employed  till  the  heat  is  little  short  of  what  would 
be  required  to  fuse  the  steeU 

A  Tertical  sectioii,  and  horizontal  plan,  of  the  conyerting  furnace  is 
shown  in  figs.  355  and  356.  In  both  figures  the  same  letters  denote  the 
samejparts. 

C  C  is  the  external  cone,  hoilt  in  a  substantial  manner  of  stone  or  brick- 
work. Its  height  firom  the  ground  to  its  Tertex,  in  order  to  procure  a  good 
draught  of  air,  should  not  be  less  than  40  or  50  liet;  and  to  procure  a  still 
stronger  heat  a  cylindric  chimney  of  sererai  feet  in  length  is  most  generally 
fixed  on  the  fop  of  the  cone.  The  lower  part  of  the  cone,  which  may  be 
made  of  any  duiensions,  is  built  either  sc^uare  or  octangular.  The  sides 
are  carried  up  until  they  meet  the  cone^givrng  the  fiimace  the  appearance 
of  a  cone  cut  to  a  square  or  octangular  prism  at  its  base,  and  exhibiting 
the  pazabola  where  every  side  intersects  the  eone. 

Inside  the  coni«il  building  is  a  smaller  fiimace^  called  the  vauU,  built  of 
fire-brick  or  stone,  which  will  withstand  the  action  of  the  most  intense 
heat.  D  D,  in  the  section,  is  the  dome  of  the  vault,  and  £  £  are  its 
upright  sides,  the  space  between  which,  and  the  wall  of  the  external  build- 
ing, is  filled  with  sand  and  rubbish.  A  B  represent  the  two  pou  that 
contain  the  iron  to  be  owTerted  into  steel.  Tne  space  between  them  is ' 
about  one  fi>ot  m  widdi,  and  the  fire-grate  is  directly  beneath  it.  The 
pots  are  supported  by  a  number  of  detached  courses  of  fire-brick,  as 
shown  at  e  «,  m  fig.  355,  which  leave  spaces  between  them,  called  flues,  to 
conduct  the  flame  under  the  pots;  in  the  same  manner,  the  sides  of  the  pots 
are  supported  from  the  yertical  walls  of  the  vault,  and  from  each  other,  by 
a  few  aetached  stones,  represented  by/,  placed  so  that  they  rrragr  intercept 
as  little  as  possible  of  the  heat  from  the  contents  of  the  pots.  Ine  adjacent 
sides  of  the  pot  are  supported  from  one  another  by  small  piers  of  stone- 
work, whidi  are  also  pertorated  to  give  passage  to  the  flame.  The  bottoms 
of  the  pots  are  built  or  a  doable  course  of  bridc*work,  about  six  (nches  thick ; 
the  sides  nearest  together  are  built  of  a  single  course  of  stone,  about  five 
inches  in  thickness;  and  the  other  parts  of  the  pot;ue  single  courses  about 
tJiree  inches,  the  sides  not  requiring  so  much  strength,  because  they  have 
Jcas  heat  and  pressure  to  lesisli 

The  vault  has  ten  flues,  or  short  chimneys,  FF,  rising  from  it,  two  on 
each  side,  to  carry  off  the  smoke  into  the  great  eone,  shown  in  fig.  356, 
communicating  with  each  side,  and  two  at  each  end.  In  the  front  of  the 
fomaee  an  aperture  is  inade  through  the  external  building,  and  another 
oorresponding  in  tfie  wall  of  the  vault ;  these  openin|;s  form  the  door,  at 
wkich  a  man  enters  the  vault  to  put  in  or  take  out  the  rron ;  but  when  the 
furnace  is  lighted,  tlRse  doors  are  closed  by  fire-bricks  luted  with  fire-day. 
Each  pot  has  also  small  openings  in  its  end,  through  which  the  ends  of  two 
ofT  diree  of  the  bars  are  left  projecting  in  such  a  manner,  that  by  only  v 
removing  one  loose  brick  from  the  external  building,  the  bars  can  be  drawn 
oat  witmot  disturbing  the  prooess,  to  examine  the  progress  of  the  conver- 
aioo  horn  time  to  time ;  these  are  called  the  tap-holes ;  they  should  be 
placed  in  the  centre  of  the  pots,  that  a  fiiir  and  equable  judgment  may  be 
K>nned  from  their  result  of  the  rest  of  its  contents. 

if  ^,  in  the  elevation,  is  the  fire-grate,  formed  of  bars  laid  over  the  asli* 
pic  ly  which  must  have  a  free  communication  with  the  open  air,  that  it 
m9j  convey-  a  current  of  fresh  air  to  supply  the  combustion.    The  ash-pit 
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Bbottl^  alio  have  steps  down  to  jA,  .4hai  the  fttun^vft  to  the  iurnace  may 
get  down  to  examine  hy  the  ligh^^  wheUier  the  fire  ^pon  the  whole  len^ 
of  the  mte  be  equally  fierce ;  and  if  any  part  appear  dull,  he  uses  along 
ircni  hook  to  thrust  up  between 'ihe  bars,«nd  open  a  'passage  (or  the  air. 
Ihe  flfs-'idace  is  o^n  «t  both  ^ds,  tmd  has  no  docn.  1^  fire-gTajte  is 
laid  nearly  on  a  level  with  the  floor  .ff  ^  wasehouae,  before  the  furnace, 
and  tl^e  fireman  always  keeps  a-beapof  ooalspiled  up  before  the  apertures 
at  its  ends,  so  as  to  dose  the  o]p«ning.  This  ibrms  a  very  simple  and 
effective  door;  and  when  the  furnace  requires  a  fresh  supply  of  fuel,  a 
portion  of  the  heap  of  coals  is  sboyed  in  by  a  sort  of  .hoe,  and  the  heap 
renewed,  to  stop  any  air  from  enter! ug  into  the  fumace>  except  tliat  whicn 
)ias  passed  upwards  through  the  iguit^fuel,  and  by  tbat  means  contributed 
to  the  combustion. 

The  fire-stones  composing  all  those  parts  of  the  furnace 
which  are  exposed  to  tbe  action  of  the  heat,  are  first  hewn 
nearly  to  sbe,  wsA  fiairt^  bv  grinding  two  surfaces  together^ 
HO  that  they  make  very  peitect  and  close  joints ;  when  laid 
together,  they  are  cemtjnted  with  well-tempered  fire-clay, 
mixed  up  tmn  with  water.  The  fire-clay  which  answers 
Itest  for  thia  purpo^^,  is  tbajb  brought  from  Stourbridge,  in 
Staffcrdtihire,  and  is  the  same  of  wUch  the  celebrated  Stour- 
bridge crucilbles  are  composed ;  but  very  good  fire-clay  for 
thjB  purpose  is  procured  from  Birkin-htne,  near  Chesterfield. 
When  the  furnace  has  been  once  burnt,  this  clay  becomes 
e<iuaU^  ba^rd  with  the  «ione,  and  is  less  liable  to  fly  or  vitrify 
Iq  an  wteiise  heat  dian  any  otiier  known  cement. 

Tbe  Qame  arising  from  the  ignited  fuel  upon  the  grate 
pasi^es  upwards  between  the  pots,  and  strikes  the  dome  of 
the  vault,  froip  whence  it  is  reverberated  down  upon  the 
pol»»  and  ukimately  escapes  through  the  flues  or  chimneys 
-  of  the  vault.  By  this  means  every  part  of  the  pot  is  exposed 
to  the  same  disgree  of  heat,  which  is  of  great  importance. 

In  order  to  ascertain  when  the  cementation  is  perfect,  one 
Of  two  of  the  burs,  having  their  end^,  as  before  described, 
prelecting  from  the  poits,  are  taken  out  of  fhe  furnace,  and 
fsraminied. 

The  blisters  upon  the  sqjrface  of  the  ^t^I^  caused  by  the 
ffarbonic;  q^d>*  i^  ^^  general,  adopted  as  a  criterion  to 
>Qdgft  if  tlw  metal  be  suffioieBtly  converted ;  but  this  is  fomd 
fluently  to  be  Mhicioue,  and  well  it  may,  for  the  s!^  of 
the'  blisters  depend  more  upon  the  degree  of  heat  to  whicb 
the  bar  has  |)een  exposed,  than  to  any  other  cause. 

The  time  usually  required  for  tbe  cwversk)ii  of  iron  into 
s^ei  is  about  seven  days  and  nights ;  and  a  similar  nnmber 

•  t  Carl^nic  o^yd  istb^  vanQ^  of  tbe  two  ^ea  wbich  s^risa  from  the  <iimiH 
poHio?^  Qf  caxW  «i4  <Wyd  c^"  iron,  of  which  the  iroq  ww  possessed,  sim} 
)vkich  19  dissipated  by  ^  beat  of  the  furnace  durii^  this  loiig  process 
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fimiaice. 

The  steel  when  taken  firom  the  oonv^^rtiAg  fiimaee  isiound 
on  its  toitee  to  be  coreped  vMk  bU9terft;  and  oa  beipg 
bmken  is  foimd  to  be  tvji  of  oavitiea  Vitiiin^  for  thia  reaaoa 

To  make  it  loond  and  tenaokHia^  it  ia>  [^  kitp  « fupnaci^ 
and  modevately  heated,  aad  b  then  expoaed  to  the  actioo^  of 
the  dlt-haminer,  whieh  we  have  atveMy  desei^bed.  Thia.ia 
caXbpd  $k0er*sieei. 

The  steel  is  mttde  of  different  degrees  of  hanlnesSy  by 
giving  it  more  or  less  carbon,  according  to  the  difierent 
degrees  and  dundion  of  the  heat  aplriiied. 

The  0teel  used  in  the  mamdhctnte  of  coaoh-springs  contain - 
the  smallest  portion  of  carbon  4  a  somewhat  greater  quantity 
is  used  in  the  difliMent  branches  of  entlery,  and  in  them^E/e 
of  agrienlianl  impiemeiita;  and  tk^e  -greatost  dose  of  all  is 
reqvived  far  files,  wUch  cannot  be  too  har^^  provided  the 
steel  be  8aAden%  malkaUe  to  be  ^ivotked. 

Cast-Mteelj  which  is  entirelf  free  firom  the  defecta  of 
IjUatered  steely  and  is,  in  so^e  degree,  preferable  to  sheer- 
steel,  is  made,  by  placing  amidl  portions  of  the  bai^'  of 
Mistered  steel  into  a  crtieO^,  oiq^able  of  ocmtaiaing  about 
90  ponnds  weight.. 

These  craciMea  aie  made  <AStoivbri<^  dkiy,  moed  with 
a-  smaH  portion  of  powdfared>  charcoal^  which  snakes  them, 
mneb  less  ItaUe  to  cmdk  in  the  heating  op  cooling.  They 
are  lamiab^d  widi  cmttB^  which  aoe  more  fusible  tbto  the 
body  of  tlie  ve8Bri>  and^  on  tbil;'  abcoimt^  soon  enter  into  « 
stato  of  partial  vitrification;  by  which  meanit  they  become 
doeely  mted  at  the  time  tte  ateel  is  at  a  temperatures  sufB^ 
diMly  high  tt>  be  destroyed  fafjr.  the  oxygen  of  the  atmosphere^ 

The  Aiel  emphi^ed  for  melting  ated  dii^uld  tonsist  of  tfaip 
hardeat.cdkes^  which  will  give  a  grfeait  lu^t  for  a  longer  eonr 
thNBAtfe  thsm  the  8oft>coke84 

When  the  metal  isfased  it  is  taken  from  the  fumac^  aB4> 
potired  into  iron-moulds,  which  form  it  into  ingots  of  an 
octagonal  shape,  about  30  inches  long. 

These  ingots^  like  the  bars  of  bnstered  and  sheer  steel, 
are  again  heated^  and  drawn  into,  bars  by  the  operation  of 
the  tilt-miD.  By  means  of  this  niachihefy  the  ingots  of  cast- 
sted  can  be  drawn  into  bars  one^third  of  an  inch  square ; 
and  by  the  hands  it  can  be  ^wn  into  rods  of  a  mudi  smattir 
»!ze. 

The  manufacture  of  stcdhaS  been  gteatly  Jittprored  wilbitt 
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m  short  period,  and  it  can  now  be  fiised  with  ao  amall  a  poi*:- 
tion  of  carbon,  as  will  admit  of  its  being  welded  either  with 
iron  or  ancrtlier  piece  of  steel. 

The  most  singular  property  belonging  to  steel  is  that  of  its 
hardening  by  being  heated  red-hot,  and  suddenly  cooled: 
and  the  hotter  the  steel  be  made,  and  the  colder  the  fluid 
into  which  it  is  plunged,  the  harder  will  be  the  steel*  'Water 
is  generally  employ^  for  this  purpose;  and  spring  water  is 
considered  to  be  die  best  FUe-makers  state,  tJbSt  the  salt 
which  is  inevitable  in  their  hardening  water,  makes  the  steel 
harder,  and  they  sometimes  put  sulphuric  aind  into  it  for  the 
same  purpose. 

In  haroening  steel  in  thin  plates,  such  as  saws,  particularly 
when  of  cast-steel,  quenching  in  water  would  cause  them  to 
crack,  and  make  tiiem  so  hard  as  not  to  be  usefol.  They 
have,  in  consequence,  recourse  to  some  substance  which  is 
not  so  jgood  a  conductor  of  heat.  Oil,  with  tallow  and  bees' 
wax,  and  resin  dissolved  in  it,  is  genenUjr.emploved  for  these 
articles.  If  the  steel  be  heated  red-hot,  it  mostly  returns  to 
its  original  state.  This,  however,  is  sometimes  not  the  case 
with  tUn  plates  of  castrsteel.  In  giving  various  d^rees  of 
beat  from  the  hard  state,  it  becomes  more  sofk  and  less  elastic. 

In  the  year  1789,  Mr.  David  Hartley  took  out  a  pattmt  for 
a  method  of  tempering  steel  by  the  aid  of  a  pyionleter,  or 
thermometer,  applied  near  to  uie  surboe  of  the  artide,  and 
at  the  same  time  recommended  the  use  of  heated  oil,  in 
which  (he  says)  many  dozens  of  razors  or  other  tools  m^t 
be  tempered  at  once  with  the  utmost  bdlity,  and  the  various 
degrees  of  heat  necessary  tor  di£Bsrent  puinoses  mij^t  speedilv 
be  determined  by  experiment,  (See  Nidiolson's  JourtuU, 
vol.  i.  quarto.)  An  improvement  of  this  principle  has  been 
since  suggested  by  Mr.  Parkes,  bv  providing  a  bath  of  oil  or 
of  some  kind  of  fusible  metu  ror  the  temperii^  of  every 
species  of  edged  tool,  which  contrivance  woulc^  m  his  opinion, 
give  to  this  operation  a  greater  degree  of  certainty,  than  has 
ever  been  experienced  by  those  who  have  copduct^  6nd\ 
inanitfaotories. 


WIRE  MANUFACTURE. 

WiRB  is  made  oi  various  ductile  metals;  but  as  the  manu- 
ftcture  of  the  whole  is  very  similar,  we  shall  confine  our* 
selves  principally  to  a  description  of  the  manufacture  of  iron 
wirs,  which  is  by  far  the  most  extensive  article  of  eommeroe. 


AND  MJkCHlMlST.  3^ 

"  The  nreoesB  fjH  wire-drawing  congigts  in  drawing  a  piec« 
of  metal  through  a  hole  in  a  steel  plate,  which  fomis  it  into 
a  regular  and  even  thread,  of  great  lengUi^  according  to  the 
quantity  of  metal  supplied. 

The  firat  part  of  tlie  process  in  the  manufacture  of  iron 
wire  is,  to  8id>ject  the  iron  to  the  action  of  a  tilt-hammer  till 
it  be  reduced  to  a  size  that  will  admit  of  its  being  drawn 
through  the  plate.  The  tilt-hammer  used  is  similar  to  that 
which  we  have  deacribed  in  the  article  **  Iron  Works."  It 
weigfas  about  100  pounds,  and  makes  130  strokes  per  minute, 
A  smaller  tilt-hammer,  weighing  about  50  pounds,  and 
making  20  strokes  per  nnnute,  is  also  used  for  the  wire- 
worJ^ 

To  prepare  the  iron  for  the  draw-plate,  the  workman  heata 
six  or  eight  inches  of  the  end  of  a  laige  bar,  and  works  it 
under  the  small  tilt-hamn^er  until  it  is  drawn  out  into  a 
small  and  regular  round  rod,  of  about  six  feet  in  length. 
Before  it  haa  time  to  cool  another  workman  straightens  it, 
and  cuts  off  with  a  hammer  upon  an  anvil  the  rod  thus 
formed,  and  puts  the  remainder  of  the  bar  into  the  forge  to 
be  again  heated. 

In  manu&cturix^  common  wire,  the  bars  may  be  advan- 
tsgeoualy  run  through  a  pair  of  rollers,  instead  of  exposing 
them  to  the  action  of  the  tOt^mill ;  but  as  the  iron,  in  rolling 
does  not  acquire  so  much  tenacity  as  in  the  hammering,  this 
pioc^ss  should  nqt  be  attempted  iu  the  manubcture  of  the 
best  wire. 

The  rod  being  thus  prepaied  by  one  of  these  methods,  is 
next  drawn  through  a  hole  in  the  draw-plate,  either  by  a 
strong  machine  wifii  a  chain,  or  elpe  by  a  lever-machine. 

The  machines  used  in  the  process  of  wire-«drawing  are, 
first. 

The  commoB  draw-bench,  which  consists  of  a  strong  plank  of  wood 
6xed  on  legs,  like  a  stool  or  bench.  It  is  represented  in  fig*  3^7.  -  A  is 
an  axis,  fixed  in  a  horizontal  poaitioD«  so  that  it  can  be  easily  turned  round 
by  meaiis  of  the  four  levers  a  By  fixed  like  radii  on  the  end  of  the  axis^ 
CT  is  a  strong  strap  or  chain,  capable  of  being  wound  ^about  the  axis  or 
ToUer,  and  connected  by  means  of  a  link  with  (be  pincers  D.  £  is  a  draw- 
plate,  perforated  with  holes  of  different  sizes,  lodgeo  against  two  strong  iron 
puis««,  which  are  fixed  in  Uie  bench,  and  left  standing  up  perpendicularly, 
so  that  the  plate  can  rest  against  them.  The  wire  is  passed  through  the 
draiy-plate  £,  and  is  seized  by  the  pincers  D,  which,  oy  turning  the  arms 
or  lexers  B6,  winds  about  the  roller,  and  draws  the  wire  through  the 
plate. 

Fig.  358  represents  another  kind  of  draw-bench,  where  a  rack  and  niaion 
are  used,  instead  of  a  roller  and  strap  or  chain,  as  aboTC-mentioned.  If 
t|iis  machine  be  turned  by  a  winch  the  motion  is  more  uniibrm|  which  i« 
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of  importance  lor  aoi^e  purposes.  For  instanfift,  if  a^piaoe  a€  mMffte 
drawn  rapidly  through  the  draw-plate,  it  will  in  passing  thiou^  be  greatlgf 
comprised,  and  on  emerging  will  expand  a  little ;  but  if  it  be  drawn 
through  the  plate  skiwly^  it  win  lose  its  expansive  property,  ^ow  in  the 
common  draw-bench,  or  one  we  first  described,  the  nocion  communteated  by 
means  of  the  arms  B  B  is  yecy  irretfular,  aad  the  wire  is  otnaecniBiitly  some- 
times drawn  through  the  plate  with  a  &st,  and  sometimes  with  Sb  slow  Mo- 
tion, which  causes  it  to  be  of  different  degrees  of  quality  ;  but  in  using  the 
rack  and  pinion,  by  means  of  a  winch,  the  motion  is  regular,  and  the 
qiality  wiiform. 

In  France  the  roUeror  windUis  is  noteoiplByedf  taol  the  pInoeM  Hre at- 
tached to  a  lever,  which  ahemately  dravs  them  bedcwaidi  aiid  ionmtU  bf» 
thiepower  of  the  water-wheel. 

Tne  pincers  aie  so  constructed,  that  thcj  open  and  release  themselves 
from  the  wire  when  they  move  towards  the  ara«»>pfate ;  bot  when  drawn 
from  the  draw-plate  close  and  bite  the  wire  with  a  force  that  will  drvvr  it 
through  the  plate. 

A  machine  of  this  kind  is  represented  in  %r  359.  A  B  is;  a  woo4ea  l^ver, 
which  moves  round  an  iron  bolt  or  pin  j),  as  a  centre  of  motion ;  C  i»  an 
iron  link,  contracted  with  the  upright  part  of  the  lever  A  B,  and  having  its 
lower  end  formed  like  a  nn^  to  seiae  the  ends  of  tiie  phicen.  The  piocers 
are  supooited  upon  an  iodinfld.'phile  of  iron  t,  which  has  a  groove  to  Ttoeive 
the  head  of  the  pincers,  to  dire^  them  in  tlMijr  oaottOA  ta  and  firon  the 
draw-plate. 

The  end  B  of  the  lever  is  depressed  by  cogs,  affixed  to  the  axis  of  the  water- 
wheel,  which  draws  the  wire  through  the  plate ;  but  when  the  cogs  quit  the 
end  of  the  lever,  it  b  retatnadf  to  its  former  potitlon,  by  means  of  a  rope 
fastened  to  the  end  of  B,  and  to  a  tlrcmg  wooden  jpole^  fixed  to  the  top  of 
the  roof  of  the  building,  which  acts  as  a  spring.  As  the  lever  returns  to  its 
phbce,  the  pincers,  by  their  own  weight,  slide  down  the  inclined  plane,  and 
m  their  descent  open  sufficiently  to  allow  the  wire  to  slide  through  them, 
without  extricating  itself  from  their  jaws ;  and  on  the  next  descent  of  tfte 
lever,  they  close  upon  tlie  wire,  and  draw  another  portion  through  the  pfarte. 

Three  of  these  machines,  of  dlffisrent  sizes,  are,  in  general, 
employed  in  a  wire-mill;  the  largest  draws  two  inches  of 
the  wire  at  each  stroke,  and  makes  about  fortv-eight  strokes 
per  minute;  the  next  four  inches;  and  the  third  five  inches. 
This  last  makes  about  sixty-four  strokes  per  minute.  This 
mode  of  drawing  wire  is  very  simple,  out  defective;  for 
much  time  is  lost  in  the  returning  of  tiie  pincers ;  they  some- 
times fail  to  talie  hold;  and  wherever  tney  bite  they  make 
deep  marks  upon  the  wire,  which  are  not  more  than  two  inches 
apart  in  the  great  wire,  and  five  inches  in  the  smaller. 

Fine  wire  is  alwajrs  made  from  the  large  wire,  by  redudng 
it  and  lengthening  |t  out  bv  repeated  drawings.  The  imtge 
wire  is  usually  niannfacturea  at  the  wire-mills  m  the  count^, 
^d  sometimes  is  reduced  to  small  wire  at  the  same  estabfish-^ 
ments,  but  those  who  have  occasion  to  use  much  wire  usually 
purchase  the  large  sort,  and  reduce  it  themselves. 

A  hand  machine,  represented  in  fig.  360,  is  used  for  this  purpose.  A  is  a 
roller  or  cylinder,  turning  upon  a  vertical  pin,  fixed  in  tlie  hench  6;  C  a 


ff»|u(4i-ii«Gflt8.  Jibe  wire  lo  be  dzwwn  is  placed  upon  a  veel  D,  whidb  jUiBop 
vftm  %  Tenieel  pia.  This  reel  is  sometiv^  placed  on  .tbe  UHe,  «ad  eovno- 
tknee  in  a  tub  oontauiiiiff  stavcb-^ater,  or  beer  that  hsis  beooiae  add.  Th^ 
iaflt  jft  <o  loese  the  oxyd  from  the  surface  of  the  wire,  which  it  has  aoquii«jl 
in  tbe  praeeaa  of  aonealiiig.  JPig,  361  fepteseate  a  very  simple  and  oooMtlete 
Jiviiie-4iwvi«g  jntehioey  capable  of  4rawisg  three  wires  at  ooce*.  A  ^.aie 
two  rollers  or  barrels  with  oog-wheels,  X  V,  on  the .^ad^  of  their,  ipds.  4  js 
apiiiioQ  which  is  turned  round  by  moans  of  a. handle  3»  spd  co^^munip^tes 
teolion  to  the  cog-wheels  T  V,  Both  these  wheels  are  billed  upon  round 
fMorts  of  the  axis  of  their  respective  retlers^  so  as  tojlip  er<turm  ted^  touU 
with  the  saaoe ;  but  a 'square  is  formed  on  ^axis  outside  of  the'wbeel^aiid 
a  clutch  or  catch,  ^  or  v,  is  &ted  on  this  square  part,  so  as  to  tpm  alwm 
round  with  the  axis.  The  catch  is  at  libeity  to  slide  upon  the  axis  in  me 
direction  of  its  length,  by  means  of  a  lever  W,  which  operates  upon  "both 
catches  at  once.  When  either  of  them  is  pushed  back  in  contact  with  the 
wheely  it  intercepts  two  atuds  which  project  from  the  <ace  of  the  wheel,  and 
then  compels  the  axis  or  roUer  to  turn  round  with  the  wheel ;  but  when  the 
catch  is  drawn  away  from  tbe  wheel,  then  the  wheel  will  slip  round  upon  its 
axis  without  conununicating  any  motion.  By  means  of  the  lever  W,  only 
one  wheel  can  be  engaged  at  once,  and  the  other  must  be  ffee.  The  draw* 
plate  is  firmly  lixed  between  the  two  rollers,  and  it  hag  a  great  raaay  hollas ; 
the  rollers  are  long  enoagfa  to  receive  three  wires  at  the  same  time.  Each 
roller  has  a  groove  in  it  parallel  to  the  axis^  into  which  a  bar  of  metal  is 
fitted,  and  will  exactly  filll  it  up. 

When  the  wires  are  introduced  through  the  holes  in  the  plate,  the  endi 
are  laid  across  this  groove ;  tbe  bar  is  then  fmt  in  and  ftsten^d  by  a  simple 
.contrivance,  and  it  iastens  the  epds  of  the  wires  beneath  it,  so  that  they  oe- 
eome  attached  to  the  roller;  then  by  turning  the  handle,  B,  round,. the  two 
•wheels  aie  put  in  motion  in -contraiy  directions;  and  that  wheel  which  is 
coyected  with  its  axle  by  its  catch,  will  turn  its  barrel  round,  and  wind  up 
thAnres  so  as  to  draw  them  through  the  plate  E.  The  other  roUer  being  at  the 
same  time  detadied,  its  wheel  is  at  liberty  to  turn  round  in  a  contrary  di- 
rection to  tbe  wheel,  as  frtst  as  the  wires  are  dmwn  off  from  it.  When  the 
whole  length  of  the  wires  has  been  dravm  through  the  plate^^tliey  are  de^ 
tached  frcm  the  roller,  the  euds  introduced  through  smaller  holes  in  the 
plate,  and  &stened  asain  to  tbe  roller ;  then  the  lever  W  is  shifted,  to  dis- 
'engage  that  vrheel  which  operated  before,  and  engage  the  other.  This  being 
4<nmt  the  rollers  will  be  turned  in  an  opposite  direction,  and  will  wind  baciL 
the  vrires,  although  the  handle  B  is  turned  the  same  way  round. 

After  the  wire  has  been  drawn  three  or  four  times,  the  metal  becomes  so 
hard  and  fibrous  that  it  would  not  draw  any  more  without  breaking ;  it 
therefore  requires  to  be  heated  in  the  fire  to  restore  ^ts  ductility ;  for  this 
purpoee  it  must  be  taken  off  the  barrels.  A  roller,  M,  is  pnyvided  to  wind  the 
wire  upon  and  draw  it  off  from  the  barrel;  this  roller  is  turned  round  by  a 
handle,  m,  fixed  on  the  extremity  of  its  axis ;  and  the  wire  which  is  wound 
upon  it  in  a  coil  is  slipped  off  sideways.  This  machine  is  well  adapted  to  be 
worked  by  a  mill,  l>ecause  the  handle  may  alvrays  be  turned  in  the  same  way. 

Fig  3M  represente  a  madiii^e  that  is  used  for  reducing  tbe  wire  to  be 
employed  in  tne  wnnfcrhim  of  muaioal  instruments,  or  in  making  cards  fos 
wool  and  cotton.  A  A  A  A  are  conical  rollms,  called  blocks,  each  having 
a  bush,  through  which  passes  a  vertical  spindle.  These  spindles  are  con- 
nected with  wheel-work,  situat^  beneath  the  beitbh,  and  being  round  are 
capable  of  revolving  vridiout  communicatmg  motion  to  the  rollers.  Wlien  the 
fx&en  nre  required  tobe'engage4»tfaey  areliftad  up  from  the  bench,  till  two 
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knolw,  fixed  in  the  boUow  part  of  eadi,  come  ib  contact  with  a  ctortWi 
«zed  on  the  top  of  ea<sh  spmdle,  which  immediateW  carries  them  itmnd.  So 
towrasany  wires  are  soppUed  by  the  reels  REE  £,  the  stress  of  the  wire j 


draw-plates,  tne  rouers  wiu  oecome  au«agi4$cu,  wiu  i«u  ujwu  uie  ucnvu. 
Ihe  tabs  in  which  the  reels  are  placed  contain  stale-beer  grounds,  or  starth- 
water,  for  the  purpose  which  we  have  already  noticed. 

The  French  draw-plates  are  the  most  esteemed,  and,  in 
time  of  war,  a  good  french  draw^^plate  has  been  sold  for  its 
weight  in  silver.  M.  Du  Hamef,  ui  Les  Arts  €t  MSHers, 
▼ol.  XV.  gives  the  following  account  of  the  process  of  making 
the  draw-plates  for  the  larce  iron-wire. 

A  band  of  iron  is  forged  of  two  inches  broad  and  one  inch 
thick.  This  is  prepared  at  tlie  great  foi^e.  About  a  foot  in 
length  is  cut  off,  and  heated  to  redness  in  a  fire  of  charcoal.  It 
is  then  beaten  on  one  side  with  a  hammer,  so  as  to  work  all 
the  surfikce  into  furrows  or  grooves,  in  order  that  it  may  re- 
tain the  substance  called  tiie  potin,  which  is  to  be  welded 
upon  one  side  of  the  iron,  to  form  the  hard  matter  ou  which 
the  holes  are  to  be  pierced.  This  potin  is  nothing  but  frag- 
ments of  old  cast-iron  pots  $  but  those  pots  which  have  been 
worn  out  b$^  the  continued  action  of  the  fire  are  not  good ;  the 
fragments  of  a  new  pot  which  has  not  been  in  the  fire  are 
better. 

The  workman  breaks  these  pieces  of  pots  on  his  anvil,  and 
mixes  the  pieces  with  charcoal  of  white  wood.  He  puts  this 
in  the  forge,  and  heats  it  till  it  is  melted  into  a  sort  of  paste ; 
and  to  purify  it  he  repeats  the  fusion  ten  or  twelve  times,  and 
each  time^e  takes  it  with  the  tongs  to  dip  it  in  water.  M.  Du 
Hamel  says,  this  is  to  render  the  matter  more  easy  to  break 
into  pieces. 

By  these  repeated  fusions  with  charcoal,  the  cast-iron  is 
changed,  and  its  qualities  fmproach  those  of  steel,  but  fair 
from  becoming  brittle,  it  will  yield  to  the  blows  of  the  ham- 
mer and  to  the  punch,  which  Is  used  to  enlarge  the  holes. 
The  bar  of  iron  which  is  to  make  the  draw-plate  is  covered 
with  a  layer  of  pieces  of  the  potin,  or  cast-iron  thus  prepared. 
It  is  apphed  on  the  side  which  is  farrowed,  and  should  occupy 
aboiJit  half  an  inch  in  thickness.  The  whole  is  then  wrapped 
up  in  a  coarse  cloth,  which  has  been  dipped  in  clay  and  water, 
•mixed  up  as  thick  as  cream,  and  is  put  into  the  forge.  The 
potin  is  more  fusible  than  the  forged  iron,  so  that  it  will  melt. 
The  plate  is  withdrawn  from  the  fire  occasionally  and  ham- 
mered very  gently  upon  the  potin,  to  weld  and  in  some  mea- 
sure amalgamate  it  with  the  iron^  which  cannot  be  done  at 
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<Mice;  but  it  must  be  repeatedly  heated  and  worked  until  the 
potin  fixes  to  the  iron.  The  workman  then  throws  dry  pow^ 
dered  clay  upon  it,  in  order,  they  say,  to  soften  the  potin. 

The  union  being  complete,  the  plate  is  again  heated,  and 
forged  by  two  workmen,  who  draw  out  the  plate  of  one  foot 
to  a  length  of  two  feet,  and  giire  it  the  fcnrm  it  is  to  have«>  It 
is  well  knoAvn  that  cast-iron  cannot  be  worked  at  the  forge 
without  breaking  under  the  hammer ;  but  in  the  present  in- 
stance, it  is  alloyed  with  the  iron->bar,  and  is  drawn  out  with 
it.  It  has  also  acquired  new  properties  by  the  repeated 
fusions  with  charcoal. 

The  holes  are  next  pierced  whilst  the  plate  is  hot.  This  is 
done  with  a  well-pointed  punch  of  German  steel,  applied  on 
that  side  of  the  plate  whicn  is  the  iron-bar.  It  requires  four 
heats  in  the  fire  to  punch  the  holes,  and  every  turn  a  finer 
.punch  is  employed,  so  as  to  make  a  taper  hole.  The  makers 
of  draw-plates  do  not  pierce  the  holes  quite  through,  but 
leave  it  to  the  wire-drawers  to  do  it  themselves  when  the 
plate  is  cold,  with  sharp  punches,  and  then  they  open  the 
hole  to  the  size  they  desire  ;  and  although  this  potin  is  of  a 
very  hard  substance,  the  size  of  the  hole  may  be  reduced  by 
gentle  blows  with  a  hard  hammer,  on  the  flat  sur&ce  of  the 
plate  round  the  hole. 

A  great  many  holes  are  made  in  the  same  plate ;  and  it  is 
important  that  they  should  diminish  in  size  by  very  imper- 
ceptible gradations ;  so  that  the  workman  can  always  choose 
a  hole  suitable  for  the  wire  he  is  to  draw,  without  being 
obliged  to  reduce  it  too  much  at  once. 

lo  ascertain  the  size  of  the  wire,  three  kinds  of  gauges  are 
used.  The  one  is  made  of  a  piece  of  wire  bent  in  zigzag, 
with  a  space  of  a  diiferent  width  between  every  bend ;  another 
is  made  of  a  steel-plate  with  notches  on  the  edge ;  and  the 
other,  which  is  the  most  accurate,  consists  of  two  straight 
rules  of  steel  put  together  at  an  angle.  The  diameter  of  the 
wire  in  this  last  is  indicated  by  the  depth  to  which  it  ^nll 
enter  into  the  angle ;  the  edges  of  the  rules  are  divided  iato 
eaual  parts  for  that  purpose,  and  numbered,  to  correspond 
with  the  different  sizes  of  the  wire. 

The  wire  manufoctory  of  Messrs.  Mduchel,  situated  at 
L'Aigle,  in  the  department  of  L'Ome,  is  one  of  the  most 
considerable  in  France.  It  furnishes  annually  in  cards  for 
wool-combing  only,  100,000  quintals  of  iron  wire,  each 
100  lbs.  A.  part  of  this  is  consumed  in  France,  and  the 
rest  is  exported  to  Spam,  Italy,  Portugal»and  even  to  the 
shores  of  the  Levant. 
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They  ^mpk^the  uHjn  manufaetoredin  tbe  depiutine«t«  of 
L'Ome  duA  La  Hame  Soane,  as  being  of  the  be«t  quality* 
The  first  pfoduees  the  best  wire  for  making  screws,  natls,  and 
pins,  as  mu^i  -  on  account  of  its  hardness  as  its  fine  politii,  which 
resemUes  steel-wire.  In  this  respect,  it  is  superior  to  the 
iron  c^  Haute  Soatie;  but  from  its  ductility  the  latter  can  now 
be  made  extremely  fine,  and  it  appears  to  be  most  free  from 
heterogeneous  paitides. 

The  smdted  iron,  prepared  and  hammered,  being  in  a  state 
nearly  fit  for  their  purpose,  is  transported  at  a  small  expense 
to  L'Aigle,  by  the  rivers  and  canals.  They  have  a  forge  to 
reduce  the  steel  and  inm  of  Normanctfr,  which  arrives  in  large 
pieces,  into  •small  and  regular  bars. 

When  the  iron  is  formed  into  an  irregular  bar  of  about  a 
eentimctre,  near  foor-tenths  of  an  inch  in  diameter,  they  be* 
gin  to  draw  it  into  wire.  Although  it  be  already  much  extended 
Sy  hammering,  it  is  in  the  first  place  passed  four  times 
through  the  drawing-plate ;  then  its  molecules  become  dis- 
posed lengthwayl9,  and  exhibit  fibres  at  their  utmost  exten«* 
sipn.  The  fibres  nnist  be  removed  by  means  of  heat,  which 
d^perses  and  divides  them ;  and  aAer  that  the  wire  may 
i^in  be  reduced  three  numbers.  Hie  fibres  which  are  re- 
produced by  this  operation  are  again  removed  by  heat.  The 
whole  prGk:ess  is  five  times  repeated,  consequently  the  wire 
is  passed  through  fifteen  numbers ;  after  which,  a  single  cx- 
posfore'  to  the  fire  is  snfBcieQt  to  fit  it  for  passing  six  others,' 
whereby  it  is  reduced  to  the  thickness  of  a  knitting-needle. 

The  steel- wire,  being  nrach  harder,  requines  to  I^  passed 
through  forty-four  numbers,  and  to  be  annealed  every  other 
time. 

The  machine  which  draws  the  steel-wire,  must  go  dower 
than  that  which  draws  the  iron;  for  the  first  being  very 
hard,  and  offering  more  resistance  to  the  drawing-plateiy 
should  be  pulled  out  with  more  care,  since  the  quickness  ought 
to  be  proportioned  to  the  resistance,  and  reciprocally ;  and 
if  they  depart  from  this  principle  the  resuks  will  vary.  Thus, 
for  example,  tbe  iron  of  the  department  of  L'Ome,  which  is 
more  ccHnpact  than  that  produced  at  Haute  Soane,  if  drawn 
by  the^  same  machines,  augments  tb  hardness,  and  is  weakened 
when  it  is  brought  to  too  great  a  degree  of  fineness.  But  this 
iron,  which  is  verjr  haitl,  and  capable  of  receiving  a  very  high 
poUsb,'  is  to  be  preferred  for  certain  u^s: 

In  order  to  amjfeal  the  wire„th^  foMfacJriy  cMiployed  a 
laige  and  elevated*  ftimtcce;  ^ith  bafs  of  c^f-iron  t^'wifeg^ 
the  wire   in   the  middle  of  the  flamefi.    ft  colitafilsTtW 
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^6«itidfl  vtiglit^*so  contrived  as.  to  contidfi  equal  portions  of 
ambr  number.  They  are  so  arranged  that  the  thickest  wires 
receive  the  strongest  heat;  therefore,  the  whole  is  equally 
tteated  in  ^e  seme  s^^ace  of  time. 

The  operation  lasts  three  hours  mth  a  fire  well  kept  up', 
tad  it  Slight  be  imagined  that  this  apparatus  was  completdy 
aiditpted  to  the  purpose ;  but  there  are  imperfections  in  thib 
meuiod,  because  it  leaves  the  wire  exposed  to  the  contact  of 
tiie  atmospheric  air,  the  oxygen  of  which  it  seizes  with  extremp 
avidity ;  whence  a  considerable  quantity  of  oxyd  is  occasioned, 
and  also  an  operation  to  free  it  from  the  scales,  which  consists 
of  beating  the  bundles  of  wire  with  a  wooden  hammer  wetted 
with  water. 

Notwithstanding  this  precautipn,  there  often  remsuus  a 
portion  of  oxyd  acDiering  to  the  sui^e  of  the  metal,  which 
•treaks  the  draw-plate,  or  fixes  on  the  wire,  and  gives  it  a 
tarnished  appearance,  and  causes  it  to  break  when  it  is  brou{4it 
to  a  great  degree  of  fineness.  Tbb  furnace  is  only  usedlbt 
the  steel-wire,  or  the  iron  from  L'Ome,  which  is  less  liable 
to  change;  and  besides,  being  harder,  is  not  easily  attacked 
by  the  oxygen. 

in  order  to  diminish  the  waste  that  the  fire  occasions,  they 
have  contrived  another  process,  which  consists  in  dipping  the 
tnmdles  of  wire  into  a  basin  of  wet  clay  before  they  piit  them 
into  the  furnace;  and  they  are  left  in  the  ibmace  to  dry 
before  die  fiore  is  lighted,  without  which  precaution  the  clay 
would  peel  off  fiiom  the  iron. 

For  making  wire  for  cards,  M.  Mouchel  invented  anotiier 
fcmace.  It  is  round,  and  about  one  metre  six  decimetres 
in  diameter,  and  one  metre  eight  decimetres  in  hei^t,  without 
including  its  parabolic  arch,  and  the  chimney  above  it.  Hie 
interior  is  divided  by  horizontal  grates  into  three  stories ;  the 
lowest  receives  the  cinders,  the  second  is  the  flre^-place,  and 
into  the  third,  or  upper  piace,  they  slide  a  roleau  of  wire^ 
weighing  150  kilogrammes,  which  is  enclosed  in  a  space 
comprised  between  two  cast-iron  cylinders,^?>einff  hited  to 
prevent  the  admission  of  air  between  them.  The  flames 
cireidiete  about  the  outside  of  the  first,  and  within  the  interior 
Off  the  second,  which  defends  the  ^wire  from  atmospheric  ain 
The  diameter  of  the  largest  cylinder  is  about  otie  metre  four 
decimetres ;  that  of  the  second  one  metre  ;  thus  thfe  space 
cotxrpmci  between  them  is  two  decimeti^s^  onwi  elevation 
di  'five  •  decimetres.  There  must  be  several  pair  of  cylinders 
ptotided,  becatise  wUlst  one  padr  is  in  the  furnace,  another: 
inaitlfe'preimred'to  receive  u  fresh  roleau  of  wire;  they  are* 
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chftnged  every  hour  b^  means  of  a  long  icon  kver,wkhivliick 
m  single  man  can  ea^v  push  them  in,  and  draw  them  oat 
again,  as  the  cylinder  sudes  on  cast-iron  rails. 
'  They  are  very  careful  not  to  open  the  cylinders  inune* 
diately  on  their  being  drawn  out  of  the  fire ;  for  the  roleaua 
of  wire  contained  in  them,  being  still  red,  would*  oxydafte 
ouite  OS  much  as  if  they  had  been  heated  hi  the  midst  df  the 
names  without  the  least  precaution. 

Hie  opening  contrived  for  the  passage  is  on  the  side,  and 
has  a  door  of  cast-iron,  with  a  groove  which  winds  round  the 
furnace ;  the  fire-place  has  one  something  similar  to  it ;  that 
of  the  ash-hole  is  vertical,  in  order  that  it  may  be  raised  to 
increase  the  fire  at  will. 

When  the  iron- wire  is  reduced  to  the  thickness  of  a  knitting- 
needle,  it  is  made  up  into  bundles  of  123  kilogrammes  (275  lbs.) 
each,  into  a  lan;e  iron  vessel,  in  order  to  anneal  it  sufficiently 
to  be  reduced  for  the  last  time.  Tliis  vessel  is  placed  upside- 
down  in  the  middle  of  a  round  fiimace,  which  is  so  con- 
.structed  as  to  sustain  burning  coals  all  round  it,  and  of  which 
it  consumes  35  kilogrammes  (77  lbs.)  before  the  operation  is 
completed.  The  cover  must  belkirefully  luted,  as  the  slightest 
adnussion  of  air  is  sufficient  tca»nm  tne  external  surfi^es  of 
the  wire  to  an  ozyd,  which  cannot  afterwards  be  induced. 

When  one  of  these  vessels  is  sufficiently  heated,  it  is  filled 
inth  water  contuning  three  kilogranmies  (six  pounds  and 
a  half)  of  tartar,  and  suspended  over  the  flames  of  the  furnace 
to  make  it  boil ;  this  solution,  without  attacking  the  meta]^ 
frees  it  from  the  grease  and  tiie  little  oxyd  that  adheres  to  it. 
This  is  the  last  operation  in  which  the  wire  is  esqiosed  to  the 
fire,  and  it  is  then  in  the  proper  state  for  being  reduced  to* 
the  utmost  degree  of  fineness  it  is  capable  of  sustaining,  and 
will  preserve  enough  of  the  effect  of  the  annealing  to  rei|uire 
it  no  more ;  but  when  the  natural  hardness  of  the  icon  vaciei^ 
this  last  exposure  to  the  fire  should  take  place  in  proportion 
to  its  thickness.  As  steel  loses  its  capacity  (tf  extension  much 
sooner  than  iron,  it  is  annealed  until  it  is  no  thicker  than  a 
sewinp;-needle.  The  space  which  is  left  in  the  vessel  b  filled 
up  with  charcoal-dust,  which  prevents  it  from  lonng  the 
({uality  of  steel,  and  preserves  the  heat  long  enoiigh  to  give 
it  the  proper  decree  of  pliancy. 

As  Messrs.  Mouchel  always  use  iron  and  steel  at  the  same 
manuCACtonr,  they  have  been  able  to  reduce  their  operatioos 
to  a  general  system ;  and  to  attain  this  end,  have  d^imined 
a  graduated  scale,  by  which  the  wire  will  not  be  more  stretdied 
in  the  drawmg-plate  in  one  number  or  size  than  another. 
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^Ri^  f(dlowmg  ifl  the  method  .they  contrived,  in  order  to  form. 

this  scale  for  the  iron-wire  : — ^They  take  a  certain  quantity  of 

▼arious  thicknesses,  which  has  been  drawn  as  fine  as  the  iron 

would  bear ;  the  smallest  size  is  100,000  metres  (109,333 

yards)  in  length  to  the  kilogramme,  2*2  pounds  avoirdupois  | 

tbeynbte  the  weight  that  each  might  be  capable  of  supporting 

without  breaking ;  this  being  expressed  by  figures,  it  is  easy; 

by  a  few  interpolations,  to  express  them  in  a  progressive 

fbrm«  This  kind  of  scale  has  been  partly  formed  by  comparingi 

the  weight  of  the  different  sizes  with  equal  lengths,  from* 

which  gauges  or  calibres  may  be  made  for  the  use  of  the 

workman.     These  gauges  are   certain  guides,  which  they 

cannot  mistake, .  except  through  great  carelessness.    If  they 

had  not  these  gauges,  they  would  often  pass  the  wire  through 

holes  in  the  drawing-plates  that  are  too  large  for  it,  whence 

it  does  not  acquire  the  strength  it  should  have  in  proportion 

to  its  thickness,  and  loses  its  hardness  ;  they  might  also  pass 

it  through  holes  that  were  too  small,  which  would  weaken  it^' 

and  render  it  very  brittle.     In  the  latter  case,  it  frequently 

hiq>pens  that  the  steel  of  the  drawing-plate,  being  unable 

to  sustain  the  force  to.  which  it  is,  exposed,  will  ^ve  way, 

as  if  the  plate  were  too  soft ;   and  the  wire  will  be  brittle 

•  at   the    begmning,   and  soft   and   too  thick  at  the  other 

extremity. 

The  greatest  part  of  the  fine  wire  at  Messrs.  Mouchel's 
manufactory  is  drawn  by  workmen  who  are  dispersed  about 
the  country ;  but  they  have  also  a  machine  which  moves* 
twenty^-four  bobbins  in  a  horizontal  direction,  which  only 
requires  the  workmen  to  look  after  it.  It  is  upon  the  bob- 
bins'^ that  the  wire  is  reduced  to  the  different  degrees  of  thin- 
ness desired ;  therefore  this  is  the  last  operation  in  the  art  ot 
making  iron  and  steel  wire,  although  it  has  all  requisite  quali- 
ties eiven  to  it  in  the  workshop  of  the  wire-drawer. 

Wire  is  still  incapable  of  being  made  into  needles^  arid^ 
carding-hooks  until  it  has  undergone  another  operation  for' 
dressiqg  and  straightening  the  wire,  by  which  it  is  made  to*, 
lose  the  bend  or  curve  that  it  acquires  on  the  bobbins. 

This  work  consists  in  drawing  the  wire  between  pins  fixed^ 
dii  a  piece  of  wood,  and  which  act  to  bend  the  wire,  first  in, 
one,  direction  and  then  in  the  opposite,  in  a  waving  line,  of* 
which  the  waves  are  at  first  larger,  but  decrease  graduaUyy 
and  the  last  bend  of  which  tends  to  force  the  wire  into  a* 
straight  line.  The  dresser  is  obliged  constantly  to  adjust  the 
ptos^  by  inclining  or  raising  them  witli  strokes  of  the  haninierV 
Alsoy  for  each  number  of  wires,  the  pins  must  be  at  difi^rent 

2  a 
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And  cdbnikled  diatanoes.    This  reqiiiiVB  a  woifcmaii  of  iaSA 

Hgence,  diligenoe^  and  addnsa. 

An  ingeniout  instrument  ia  now  appropriated  to  this  opcr»« 
tion,  and  removes  aU  diffioultv.  Six  little  puppets  of  verf 
bard  steel  are  substituted  for  the  naOs  of  the  ordinary  inetru'' 
ment,  and  are  fixed  on  pandid  bars  of  metal,  so  jointed  togc* 
tiier  that  the  movement  of  them  all  will  be  parallel,  and  the 
puppets  are  widened  or  brought  nearer  together  bjr  screws  9 
the  wire  is  drawn  between  these  puppets  in  a  adgzag  or 
waving  line,  and  the  repeated  flexures  break  the  smuosities  of 
the  wire.  There  is  a  conductor  of  the  wire  to  the  puppets^ 
and  another  conductor  which  serves  to  prevent  the  wire  from 
being  shaken.  There  are  slight  grooves  at  the  extremity  of 
the  puppets,  to  give  a  passage  to  the  wire.  A  scale  austaiaed 
by  a  screw  indicates  the  distance  at  which  the  pujqMts  should 
be  placed  from  each  other,  to  straighten  each  size  of  wire  ^ 
this  forms  nearly  an  invariable  rule,  and  the  dresser  saves  » 
third  of  the  time  which  Is  employed  in  regulating  the  pina 
of  the  instrument  formerly  used.  There  is  nothing  more  tor 
be  done  but  to  draw  out  the  wire  by  means  of  a  wheely  on 
which  he  reels  it^  and  then  form,  it  mto  bundles  to  be  deli« 
vered  tb  the  consumers. 

The  steel  wire  of  France  is  prt^r  br  many  purposes^  It 
is  brought  from  Messrs.  Mouchel  for  making  laiitting-needle» 
in  the  English  Seuahion,  shoemakers'  needles,  and  other  similar  ' 
articles ;  it  may  be  also  used  for  needles  of  all  sizes,  and 
even  for  cards  for  wool-combing ;  but  as  this  steel  is  muck 
more  expensive  than  the  iron- wire,  it  is  very  seldom  lued  far 
the  latter  purpose. 

The  method  of  preparing  the  draw-plates  is  deacrSied  by 
Messrs.  Mouchd,  and  is  different  bom  that  befiare  described. 

For  making  wire  for  eards,  two  sorts  of  diawiog-plates  are  used,  large 
and  small  ones ;  the  first,  for  the  soft  of  wire  that  we  hs^ye  boeQ  4Q9c»bing« 
is  drawn  with  the  pincers,  as  fig.  359,  and  with  the  bobbin  or  roller,  which 
is  a  cylinder,  adapted  to  the  axis  turned  bj  the  water-mill,  and  is  used  ia 
pfreference,  to  avoid  the  marks  made  on  the  wire  by  the  pincers ;  the  small 
drawing-plates  are  used  for  such  wire  as  may  be  drawn  by  hand.  The  steel 
which  they  employ  for  these  drawing-plates  ahoold  ncTer  ^niy  in  quaJitj^ 
except  that  the  smallest  pieces  are  made  of  the  finest  steet.  Se?«ral  pieces 
of  iron  are  disposed  in  the  furnace  in  the  form  of  a  box  without  a  Hd,  their 
weight  being  according  to  the  use  for  which  they  are  intended  to  be  made. 
The  workman  fills  each  of  these  boxes  wiUi  cast-steel,  and  having  covered 
il  e«er  with  a  luting  of  clay,  it  is  exposed  to  a  fierce  fire  until  the  steel  ber 
aieited*  His  art  consists  in  seising  the  proper  moment  to  withdraw  th». 
plate  fi^om  the  fire ;  he  raises  tlie  luting,  and  blows  on  it  through  a  tube,  in 
erder  lx>  drive  ofif  all  heterogeneous  parts,  and  then  amalgamates  it  widi  the 
iron  by  light  blows ;  afler  it  is  cool,  he  replaces  it  at  me  fire,  where  th» 
iMioB  agai»  takes  plaoe,  but  to  a  less  degree-  than  before  f  he  afterwards 
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works  the  stecA  frith  light  blows  of  the  haiumer,  to  purify  and  solder  it  with 
the  iron.  This  operation  is  lepeat^  from  seven  to  ten  times,  acooiding' 
to  its  quality,  which  renders  it  more  or  less  difficult  to  manage.  During 
this  process,  a  crust  forms  on  the  steel,  which  is  detached  from  it  the  fiiS 
time  of  its  exposure  to  the  fire,  because  this  cruse  is  composed  of  an  oxydateif 
steel  of  an  inferior  quality.  It  sometimes  happens  that  two,  acid*  even  threei 
of  these  crusts  are  mrroexi  of  about  two  millimetres,  or  one-sixtetntb  of  aitf 
inch,  in  thickness,  which  must  also  be  removed. 

After  all  these  difiPerent  fusions,  the  plate  is  bfeatfed  hf  ft 
hammer  wetted  with  water,  and  the  proper  length,  breadth^ 
and  thickness,  are  given  to  it.  When  thus  prepared^  th^ 
plates  art  heated  again,  in  order  to  be  pierced  T^th  holes  by 
punches  of  a  conical  form ;  the  operation  is  fej^eated  five  or 
six  times^  and  the  punches  used  each  tiiiie  are  progressively 
smaller.  It  is  of  importance  that  the  plat6  never  be  heated 
beyond  a  cherry -red,  becau^  if  it  receives  a  higher  degree  of 
heat,  the  steel  undergoes  an  unjhvoarable  change.  The  platesy 
when  finished,  present  a  very  hard  material,  which  neverthe- 
less will  yield  to  the  ^rokes  of  the  punches  and  hammer/ 
which  they  reqidre  when  the  holes  become  too  much  enlarged 
by  the  frequent  passing  of  the  wure  through  them. 

When  the  plates  have  been  repaired  several  times,  they 
acquire  a  degree  of  hardness  which  renders  it  necessary  to 
anneal  them,  especially  when  diey  pass  from  one  sisse  to' 
another ;  sometimes  they  do  not  acquire  the  proper  quality 
tmtil  they  have  been  annealed  several  times.  Notwithstanding' 
all  the  precautions  which  are  taken  in  preparing  the  plates, 
the  steel  stUl  varies  a  little  in  hardness,  and  according  to  this 
variation  they  should  be  employed  for  drawing  either  steel  ot 
iron  wire ;  and  if  the  workman  who  provei^  them  finds  that 
they  are  too  soft  for  either  the  steel  or  iron,  they  are  put 
aside,  to  be  used  by  the  brass-wire  drawers^ 

A  plate  that  is  best  adapted  for  drawing  of  steel-wfare  U 
often  unfit  for  the  iron ;  for  the  long  pieces  of  this  latlex' 
metal  will  become  smaller  at  the  extremity  than  at  the  b^pn- 
ning,  because  the  vrire,  as  it  is  drawn  through  th^  plate>  ii^ 
insensibly  heated,  and  the  adhering  parts  are  swelled/  eonse^' 
qaently  pressed  and  reduced  in  size  towards  Hie  latter  end*' 
The  plates  that  are  fit  for  brass  are  often  too  soft  for  iron^ 
and  tiie  effect  resulting  is  the  reverse  of  that  ptodueed  by 
a  plate  that  is  too  hard. 

The  smallest  plates  which  Messrs*  Motiehel  tise  are  at  the 
least  two  eentimetres^  or  eight*tenths  of  an  inch^  in  thickness^ 
BO  tiiat  the  holes  can  be  made  sufi&ciently  deep }  for  when 
they  are  of  a  less  tfaiekiiesft^  they  will  seize  the  wire  too  Sttd* 
denly,  and  injure  it« 

.      2a2 
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'fhis  idconvenience  18  much  felt  in  manufiactories  where 
they  continue  to  use  the  plates  for  too  long  a  time^  as*  thqr 
become  exceedingly  thin  after  frequent  repairs.  One  of 
I(fessrs.  Mouchel's  large  plates  reduces  1^400  kilogrammes 
(3,080  lbs.  avoirdupois)  from  the  largest  size  of  wire  to  N®6» 
which  is  of  the  thickness  of  a  knitting-needle;  400  kilo^ 
grammes  (880  lbs.)  of  this  number  are  sSfcern'ards  reduced  in 
one  single  small  plate  to  N®  24,  which  is  carding-wire ;  and 
to  finish  them^  they  are  passed  through  twelve  times  sue* 
oessively. 

Wires  are  frequently  drawn  so  fine  as  to  be  wroi^bt  along 
with  other  thr^s  of  silk,  wool,  or  hemp;  and  thus  they 
become  a  considerable  article  in  the  mantsfactures. 

Dr.  WoUaston,  in  1813,  communicated  to  the  Royal  Society 
tihe  result  of  his  experiments  in  drawing  wire.     Having,  re- 

Siired'  some  fine  wirer  for  telescopes,  and  remembering  that 
uschenbrock  mentioned  wire  500  feet  of  which  weighed 
only  a  single  grain,  he  determined  to  try  the  experiment, 
although  no  method  of  making  such  fine  wire  had  ever  yet. 
been  published.  With  this  view,  he  took  a  rod^of  silver^ 
drilled  a  hole  through  it  only  one-tenth  its  diameter,ffilled  this 
bole  with  gold,  and  succeeded  in  drawing  it  into  wire  till  it 
did  not  exceed  the  three  or  four  thousandth  part  of  an  inch, 
and  could  haxre  thus  drawn  it  to  the  greatest  fineness  percep* 
tible  by  the  senses.  Drilling  the  silver  he  found  very  trou- 
blesome, and  determined  to  try  to  draw  platinap-wire,  as  that 
metal  would  bear  the  silver  to  be  cast  round  it.  In  this  he 
succeeded  with  greater  ease,  drew  the  platina  to  any  fineness^ 
and  plunged  the  silver  ir  heated  nitric-acid,  which  dissolved 
Jty  and  left  the  gold  or  platina  wire  perfect. 


Lead  manufacture'. 

Lkad  0r6  is  found  in  most  parts  of  ike  world.  In  Britetitf 
the  principal  lead-mines  are  situated  in  Cornwall,  Devonshire^ 
and  Somerset  Aire ;  in  Derbyshire,  Durham,  Lancashire, 
Cumberland,  and  Westmoreland ;  in  Shropshire,  FliotshiPe^ 
Denbighshire,  Merionethshire,  and  Montgomeryshire ;  at  the 
Fead-hills  in  Scotland,  onr  the  borders  of  Dumfrieshire  and 
LanHrkshire,  in  Ayrshire,  and  at  Strontian  in  Argyleshire. 

The  smielthig  of  the  ore  is  performed  by  either  a  blast- 
fumaee,  called  an  ore-hearth,  or  a  reverberatory-furnace. 
In  the  former  method,  tlie  ore  and  fuel  are  mixed  top-etber^ 
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aed  -expoBed  to  the  action  of  the  blast,  ivUch  qukUy  fuMt 
the  m^al,  and  causes  it  to  foil  into  the  lower  part  of  the 
hearth,  where  it  is  protected  from  the  oxygen  of  tiie  Uaat 
by  the  scoria  that  floats  upon  its  sur&ce. 

«  When  the  fluid  lead  is  tapped,  or  drawn  off,  a  suflicieni 
quantity  of  it  is  left  in  the  furnace  to  float  the  liquid  scoria ; 
but  when  the  whole  of  the  lead  is  to  be  drawn  off,  the  blast 
is  stopped,  and  some  lime  is  thrown  into  the  furnace  Xo  con* 
Crete  the  scoria,  while  the  lead  is  run  out. 

In  smelting  by  the  reverberatory'^furnace,  which  is  uu* 
dottbtedly  the  best  in  places  where  there  is  an  ample  sufpLy 
of  coal,  the  fire  is  made  at  one  end,  and  the  flame  passes  orer 
the  hearth,,  and  enters  into  an  oblique  chimney,  which  ter^ 
miaates  in  a  perpendicular  one,  called  a  stack,  of  considerable 
height.  The  length  of  the  hearth,  from  the  place  where  the 
fire  enters  to  the  chimney,  is  about  eleren  feet,  two  of  which 
constitute  the  throat  of  the  fiimacc ;  the  remainder  forms  a 
concave  surface,  four  and  a  half  feet  wide  at  the  throat  of  the 
furnace,  seven  feet  four^inches  at  the  distance  of  two  feet  from 
the  ttmNit,  seven  feet  two  inches  in  the  middle  of  the  hearth, 
five  feet  eleven  inches  at  two  feet  distance  from  the  chimney, 
and  tM'o  feet  ten  inches  where  the  flame  enters  the  cbinmey 
at  two  apertures,  each  ten  inches  square ;  the  throat  of  the 
fiimace  is  two  feet  long,  four  feet  wide,  and  six  inches  de^ ; 
the  length  of  the  fire-place  four  feet,  equal  to  the  width  of 
the  throat ;  its  width  two  feet,  and  depth  three  feet,  from  the 
grate  up  to  the  throat  of  the  furnace;  the  section  of  the 
oblique  chimney  is  sixteen  inches  square,  and  of  the  perpen-* 
dicular  twenty  inches,  supposing  a  straight  horizontal  line 
drawn  from  the  lower  plane  of  the  throat  of  the  chimney  to 
the  opposite  side  of  the  furnace  ;  the  lower  part  of  the  con-r 
cave  nearth,  which  is  in  the  middle  of  this  cavity,  is  nineteen 
inches  below  this  line,  the  roof  of  the  furnace  bemg  seventeen 
inches  above  the  same  line ;  the  rest  of  the  hearth  is  conform-r 
ably  concave.  »    . 

The  furnace  on  one  side. has  three  openings,  about  ten 
inches  square,  at  equal  distances  bom  each  other,  and  pro* 
'vided  with  iroU  doors,  which  can  be  removed  as  occasion  may 
require.  Besides  these  apertures,  which  are  for  the  purpose 
of  raking  and  stirring  the  ore,  &c.  and  consequently,  upon 
«  kvel  with  the  horizontal  line  above  aHudpd  to,  there  are 
two  others  of  smaller  dimensions,  the  one  to  tap  the  liquid 
lead,  the  other  the  scoria.  The  ore  is  introduced  by  a  vessel 
jn  the  shape  of  a  hopper  placed  in  the  roof  of  the  furnace. 
«    The  ores  of  lead,  similarly  to  those  of  iron  and  most  other 


IBdali^  are  combined  vith  various  IdndB  of  eaorthy  mattey^ 
HFfaicb  ve^iiire  them  to  be  well  pounded  before  they  are  intro<> 
^iic(k1  into  the  xeyerbeiatoiy  or  Boaeltipg  furnace.  Hie  pound-* 
ing  is  sometimes  perfoooied  by  women  using  hammers,  and 
iome^imjes  the  ores  are  pounded  or  crushed  by  causing  tibem 
Ito  pass  thi^oqgh  iron  rollers  loaded  with  great  weights.  Alter 
the  ores  have  been  pounded  or  crushed,  the  earthy  matter 
|s  separated  by  washmg, 

The  powder  to  be  washed  is  put  into  a  riddle  or  sieve,  and 
xkbced  m  a  large  tub  full  of  water ;  when,  by  a  certain  mo- 
tion^ t]^  lighter  or  earthy  parts  are  separated  and  thxowQ 
over  the  ec^  of  the  riddle,  while  the  metsly  which,  as  we 
lukve  before  stated,  is  always  considerably  heavier  than  its 
accomp^ying  ingredients,  is  retained.  There  are  some  im* 
purities,  i|QW(ever,  whidi  cannot  be  separated  by  this  processj 
consisting  ^puopelly  ot  blind,  or  ^lack-jack,  called  mock  ore^ 
and  pyrites,  or  sul^uret  of  iron,  named  BraziL 

In  the  process  of  smelting,  the  ore  is  spread  upon  the  cfm* 
cave  hearth,  ^  that  the  ^ame  may  act  upon  it,  and  release 
the  sulphur.  Whoi  the  sulphur  luus  escaped,  the  lead  oomi> 
bines  with  oxygen,  and  Uie  oxyd  of  lead,  thus  formed,  com* 
bines  with  and  reduces  the  earthy  matter  to  a  liquid,  which 
floats  upon  the  surface  of  the  metfd,  and  for  the  remainder  of 
the  operation,  protects  it  from  the  action  of  the  oxygen.  The 
temperatuse  of  the  furnace  is  now  considerably  raised,  to 
separate  as  quickly  as  possible  the  lead  from  the  liquid  scoria; 
after  which  a  considerable  portion  of  the  scoria  is  tapped  off, 
leaving  oidy  so  much  behind  as  is  necessary  to  protect  the 
metal  from  meaction  of  the  oxygen.  The  fire  is  now  slackened, 
juid  a  quantity  of  slack,  or  refuse  pit-coal,  thrown  into  (lie 
furnace,  whicfa  serves  to  diminish  the  heat,  and  to  concrete  the 
melted  scoria ;  though  this  last  part  of  the  process  is  not  well 
done  unless  powdeied  lime  be  also  added.  The  scoria  being 
BOW  hardened,  is  broken  to  pieces  by  a  rake,  and  thrust  to 
the  opposite  side  of  the  furnace,  where  it  is  taken  out  through 
tiie  apertures  already  mentioned. 

The  lead  is  now  tapped,  in  a  manner  similar  to  that  de« 
scribed  ifi  the  maniifactige  of  iron,  and  is  allowed  to  run  into 
a  large  ison  pan,  from  whence  it  is  laded  into  moulds  to  cast 
into  pigs.  When  the  ores  abound  with  blind,  or  black-jack,  or 
sulphate  of  iron,  it  becomes  necessary  to  add  the  fluat  of  Ume« 
as  a  flux. 

The  scoria  is  still  found  to  contain  some  lead,  independent 
of  that  in  the  etate  of  oxyd,  and  chemically  combined  mth  i% 
and  is  consequmtly  iexposed  to  the  heat  of  another  furnace^ 
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being  »  apedea  of  blaat,  and  etflled  a  fltag^heaftb,  which  fuses 
the  scoxu^  and  causes  the  metal  to  penetrate  through  it^  and 
&U  into  a  cavitf^  where  it  is  protected  from  the  agency  of 
the  blast,  and  mm  whence  it  is  taken  and  cast  into  pigs. 

Aa  all  lead  ores  contain  more  or  less  of  silver,  we  sbaV 
^extract  from  Dr.  Rees*s  Cvdopaedia  the  method  bjr  which  the 
^ilyer,  hy  the  oxydation  of  the  lead,  is  extracted. 

^'A  shallow  vessel,  or  cupel,  is  filled  with  prepared  fern*ashes 
well  rammed  down,  and  a  concavity  cut  out  for  the  reception 
of  die  lead,  with  an  opening  on  one  side  for  the  mouth  of  the 
bellows^  through  which  the  air  is  forcibly  driven  during  the 
process.  The  French  smelters  cover  the  sur&ce  of  the  ashes 
with  hay,  and  arrange  symmetrically  the  pieces  of  lead  upon 
jit.  When  the  fire  is  lighted,  and  the  lead  b  in  a  state  of 
fusion  fipom  the  reverberation  of  the  flame,  the  Uast  from 
the  bellows  is  made  to*  play  forcibly  on  the  surface,  and  in  a 
abort  time  a  crust  of  yellow  oxyd  of  lead,  or  Utharge,  is 
formed,  and  driven  to  the  side  of  the  cupel  opposite  to  the 
mouth  of  the  bellows,  where  a  shallow  side  at  aperture  ia 
inade  for  it  to  pass  over ;  another  crust  of  litharge  is  formed 
and  driven  off,  and  this  is  repeated  in  succession  till  neavhr 
all.  the  lead  has  been  converted  into  litharge  and  driven  o£ 
The  operation  continues  about  forty  hours,  when  the  complete 
separation  of  the  lead  is  indicated  by  a  brilliant  lustre  on  the 
eonvex  sm&ce  of  the  melted  mass  in  the  cupel,  whidi  ia 
occasioned  by  the  removal  of  the  last  crust  of  litharge  thai. 
p>vered  the  silver.  The  French  introduce  water  through  a 
tube  into  the  cupel,  to  cool  the  silver  nmidly,  and  prevent  its 
spirting  out,  which  it  does  when  the  remgeration  is  gradoaj^ 
owing  probably  to  its  tendency  to  crystallize.  In  England 
tiie  sBver  is  left  to  cool  in  the  cupel,  and  some  inconvenience 
is  caused  by  the  spirting;,  which  mij^t  be  avoided  by  the 
former  mode^ 

^  The  silver  thus  extracted  is  not  sufficiently  pure ;  it  ia 
again  refined  in  a  reverberatory-fumace,  being  placed  in  a 
cupel  lined  with  bone  ashes,  and  exposed  to  greater  heat; 
iJbe  lead  which  has  escaped  oxydation  by  the  first  process,  is 
eonverted  into  litharge,  and  absorbed  by  the  ashes  o|  tht 
^pel. 

**  The  last  pcnrUons  of  litharge  in  the  first  process  are  again 
refined  for  silver,  of  which  it  contains  a  part  whidi  was  driven 
pB  with  it.  The  litharge  is  converted  into  lead  agun  by 
lieating  it  with  charcoal  3  part  is  sometimes  sold  for  pigment 
or  converted  into  red-leatd.  The  loss  ot  lead  by  this  procesa 
difiers  considerably,  according  to  the  quality  of  the  lead* 
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The-  litharge  oomnttmly  obtained  from  three  tong  of  load 
amounts  to  58  hwidred  weight ;  but  when  it  is  again  reduced 
to  a  metallic  state,  it  seldom  contains  more,  than  52  hmdred 
weight  of  lead,  the  loss  on  three  tons  being  eight. hundred 
weight.  The  Dutch  are  said  to  extract  the  silirer  from  the 
same  quantity  of  lead  with  pnly  the  loss  of  six  hundred 
weight/' 

Haying  explained  the  process  by^  wh|ck  pig-lead  is  ex« 
tracted  from  the  ores,  it  now  remains  for  us  to  show  the 
methods  by  which  pig-lead  is  m^u£eu;tured  into  she^^-lead,  * 
or  into  the  tubes  called  lead-pipes. 

In  the  mamifiacture  of  sheet-lead,  the  ingots  or  pigs  ase  pat 
into  a  large  caldrpn  or  furnace  built  with  free^-stone  and 
earth.  Near  this  fiimace  is  the  table  or  mould  on  vrhich  the 
sheet  is  to  be  cast ;  it  is  made  of  large  pieces  of  wood,  w^ 
jointed,  and  bound  at  the  ends  with' bars  of  iron,  and  haa 
a  ledge  or  border  of  wood,  about  two  or  three  inches  thick, 
and  one  or  two  high,  called  the  sharps.  The  tables  are 
usually  about  three  or  four  feet  wide,  and  from  eighteen  to 
twenty  feet  long.  The  table  is  cohered  with  very  fine  sand, 
which  is  prepared  for  the  casting  by  moistening  it  with  clear 
water,  working  it  together  with  a  sticky  beating  it  fiat  with 
a  mallet,  and  smoothing  it  with  a  piece  of  brass  or  wood^ ' 

A  long  narrow  piece  of  wood,  with  notches  cut  in  each  end 
so  as  to  fit  the  ledges,  is  placed  over  the  table,  and  is  so 
arranged,  that  the  space  between  it  and  the  sand  shall  be 
proportionate  to  the  intended  thickness  of  the  plate.  The 
woncman  gradually  slides  the  strike  fcopi  one  end  of  die 
table  to  the  other,  by  which  means  he  obtsuns  a  sheet  of  the 
requisite,  and  in  all  parts  of  equal,  thickness. 

At  the  top  of  the  table  is  a  large  triangular  iron  peel  or 
shove],  with  its  fore  part  bearing  upon  the  edge  of  the  table, 
and  the  hinder  part  on  a  tressel,  somewhat  lower  than  the 
table ;' tbe  de3igti  of  which  is,  to  prevent  the  liquid  metal 
running  off  at  the  fore  side,  where  there  is  no  ledge.  The 
metal  being  sufficiently  fiised,  is  taken  out  of  the  furnace  or. 
caldron  with  a  large  iron  ladle,  and. is  put  into  the  peel, 
where  it  is  cleansed  of  its  impurities  by  using  another  large, 
iron  ladle  pierced  like  a  scummer.  The  handle  of  the  peel  ia 
liow  raised,  which  causes  the  liquid  metal  to  run'  into  the 
mould,  while  the  workman,  with  the  strike,  regulates  the 
thickness.  When  the  sheet  is  of  the  required .  thickness, 
the  handle  of  the  peel  is  lowered,  and  the  sheet  is  allowed  ta 
eool.  When  set,  the  edges  oh  both  sides  are  planished  ii^ 
order  to  render  thei)i  smooth  and  straight. 
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The  metliod  aboTe  described  is  only  used  in  casting  laif^e 
sheets  of  lead ;  in  casting  sheets  of  smaller  dimensioils^  the 
table  or  mould,  which  is  placed  in  an  inclined  position,  is,  in 
lieu  of  sand,  covered  with  a  piece  of  woollen  stuff,  naUed 
down  at  both  ends,  and  over  that  is  placed  a  very  fine  linen 
cloth. 

In  this  process  great  attention  must  be  paid  to  the  heat 
of  the  liquid  metal,  and  a  piece  of  paper  is  used  as  a  test  $ 
if 'the  paper  take  fire,  the  lead  is  too  hot,  and  would  de- 
ftroy  the  linen ;  if  it  be  not  shrunk  and  scorched,  it  is  not 
hot  enough. 

When  the  sheets  are  required  to  be  very  thin,  it  is  neces- 
sary to  make  the  peel  and  strike  of  one  piece.  It  is  a  kind 
of  wooden  box  without  a  bottom,  being  closed  only  on  three 
sides  ;  the  back  of  it  is  about  seven  or  eight  inches  high,  and 
the  two  sides,  like  two  acute  angles,  diminish  to  the  top ;  the 
width  of  the  middle  makes  that  of  the  strike,  which  again 
makes  that  of  the  sheet  to  be  cast. 

The  strike  is  so  placed,  that  the  highest  part  is  towards 
the  lower,  and  the  two  sloping  sides  towards  the  upper  end 
of  the  table.  The  top  part  of  the  table,  where  the  metal  is 
poured  in,  is  covered  with  a  pasteboard,  which  serves  as  a 
bottom  to  the  case,  and  prevents  the  linen  from  bemg  burnt 
while  the  metal  is  pouring  in. 

The  strike  or  peel  being  fiiUed  with  lead,  according  to  the 
intended  size  of  the  sheet,  two  men,  one  at  each  side,  seize 
hold  of  it,  and  with  greater  or  less  velocity,  as  the  sheet  is  to 
be  more  or  less  thick,  force  it  down  the  inclined  table  ;  for 
the  thickness  of  the  sheet  always  depends  upon  the  velocity 
with  which  the  strike  slides  down  the  table.  The  sheet-lead, 
after  casting,  is  frequently  reduced  by  rollers. 

As  this  particular  department  is  so  intimately  connected 
with  tibe  business  of  a  plumber,  we  shall  not  be  considered 
83  departing  from  the  subject  by  inserting  the  following 
Cables,  from  Hutton's  Mensuration. 

Plumber's  work  is  commonly  estimated  by  the  pound  or 
hundred  weight ;  but  the  weigliit  may  be  discovered  by  the 
measure  of  it,  in  the  manner  below  stated.  Sheet-lead  used 
in  roofing,  guttering,  &c.  is  commonly  between  seven  and 
twelve  poui^s  weight  to  the  square  foot;  but  the  following 
table  shows  by  inspection  the  particular  weight  of  a  square 
foot  for  each  of  several  thicknesses. 
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6-554 
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7-668 
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•15 

8-848 

•16 

9-438 

i 

9-831 

10-028 

•18 

10-618 

•19 

11-207 

•a-i 

U-797 

^1 

12-387 

In  this  table  tbe  thickness,  is  set  down  in  tenths  and  hnn- 
dredthsy  &c.  of  an  inch ;  and  the  annexed  corresponding 
numbers  are  tbe  weights  in  avoirdupois  pounds  and  thou- 
sandth parts  of  a  pound.  So  tbe  weight  of  a  square  foot  of 
-xV  or  i>A^  of  an  inch  thick  is  5  pounds  and  -MV  of  a  pound  ; 
and  the  weight  of  a  square  foot  to  one-ninth  of  an  inch 
thickness  is  6  pounds  and  iVoV  of  a  pound.  Lead  pipe 
of  an  inch  bore  is  commonly  13  or  H  pounds  to  the  yatd  in 
lengths 

Examples  t 
1.  How  much  weighs  the  lead  which  is  39  loel  6  iochM  long,  and  3  feet 
3  inches  bioed,  at  81  lbs.  to  tb^  square  ImH  T 


Decuaals. 

39*5 
3* 


Poodecimals. 

39-  6 

3-  3 


118-5 
9-875 

128-375 

^ ? 

1037-000 
64-1875 

10911875 


128-  4-6 


1034 
64 


% 
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3.  What  cost  the  coTering  and  guttering  of  a  roof,  with  lead,  at  18«.  pet 
cwt. ;  the  length  of  Uie  roof  being  43  feet,  and  the  breadth  or  girth  over  it 
33  feety  tbe  guttering  57  feet  long,  and  3  feet  wide ;  tbe  former  9,831  lbs, 
and  the  latter  7,373  lbs.  to  the  square  foot  ?— Answer,  1152.  9««  Ifrf 

It  is  now  time  to  direct  our  attention  to  the  manufacture 
of  kad  pipesj  which  are  universally  employed  for  small 
water-pipes,  m>m  the  facility  of  benmng  them  in  any  direc* 
tioD,  and  soldering  their  joints. 

Lead  pipes  are  sometimes  cast  in  an  iron  mould,  made  in 
two  halves,  forming,  when  put  together,  a  hollow  cylidner^ 
of  the  sizcLpf  the  intended  pipe  $  in  this  cylinder,  or  mouldy 
is  put  an'  iron  rod  or  core^  extending  from  the  top  to  the 
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jMMvif  mA  iM^iag  aU  nynnd  a  apace  betweftn  it  and  th^ 
cylinder  of  the  intended  thickness  oif  the  pipe.  The  lead  ia 
]p#ived  in  at  a  spout,  {brmed  by  two  corresponding  notches 
Gttt  in  each  half  of  the  moidd ;  and  a  similar  hole  is  made  at 
another  place  for  the  eacape  of  air*  The  moidd  is  fastened 
down  upon  »  bench,  upon  which,  at  one  end,  and  in  a  line 
with  its  oepjtre^  is  ^  rack,  pioved  by  toothed-wheels  and 


Wlien  the  pipe  is  cast,  a  hook  at  th^  end  of  the  rack  is  put 
into  an  eye  at  the  end  of  the  iron  core,  which,  by  the  action 
of  the  cog-wheels  and  pinions,  is  drawn  so  far  out,  that  about 
two  inches  of  it  only  remain  in  the  end  of  the  pipe ;  the  two 
halres  of  the  mould,  which  £aj»ten  together  by  wedges  or 
screws,  are  now  separated  from  the  pipes,  and  are  fastened 
upon  the  iron  core^  and  the  two  inches  of  lead  pipe  attached 
to  it ;  melted  lead  is  again  jxoured  into  the  mould,  which, 
muting  with  the  end  of  the  first  piece,  forms  the  pipe  of  con- 
siderable length ;  and  the  operation  is  repeated  till  it  be  of 
the  length  required. 

Another  and  a  much  better  method  is,  to  cast  the  lead  in  an 
i^n  mould  upon  a  cylindrical  iron  pipe,  of  a  size  proportioned 
to  the  bore  of  the  pipe  to  be  made,  and  leaidng  a  space  be- 
tween the  core  and  tne  mould  three  or  four  times  the  thick- 
ness of  the  intended  pipe,  and  in  short  lengths,  which  are 
afterwards  jdrawn  through  hdies  in  pieces  of  steel,  similar  to 
the  process  of  wire-drawing,  till  the  pipe  is  reduced  to  the 
rsqiured  thidmess* 

Another  method  is  that  for  which  the  celebrated  iron* 
manu£Eu:turer,  Mr.  John  Wilkinson,  of  Biosely,  took  out  a 

Ctent  in  1790,  and  which,  smce  the  expiration  of  his  patent, 
s  been  successfidly  practised  by  many  other  manufacturers. 
Tliis  method  consists  in  casting  a  circular  piece  of  lead,  about 
eighteen  inches  long,  with  a  core  or  hole  longitudinally 
tltfough  its  centre.  This  piece  is  of  considerably  larger 
diameter  than  tixnt  of  the  pipe  intended  to  be  made.  Ilie 
core  or  hole  at  one  extremity  suddenly  decreases,  so  as  to 
form  on  the  internal  surface  of  the  piece  of  lead  a  stop  or 
shoulder,  against  which  a  polished  iron  triblet  or  mandrel, 
which  has  been  passed  thus  tax  along  the  core,  rests.  Hiis 
triblet  or  mandrel  is  of  somewhat  greater  length  than  the 
length  required  of  the  pipe  to  be  manufactured,  which, 
generally  speaking,  is  firom  seven  to  nine  feet.  An  iron  screw, 
iiaying  a  loop  at  the  opposite  end,  is  then  passed  down  the 
other  end  of  the  core,  and  is  screwed  into  that  part  of  the 
mandrel  which  resl^  against  the  shoulder*    In  this  state 
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tbe  mandrel^  with  the  circular  piece  of  lead  fixed  Cut  on  k,  ia 
taken  to  the  drawing-table. 

The  drawine-table  in  the  principle  of  its  operation  resem- 
blee  the  block  described  in  the  Wire  Manufacture  in  eyery 
respect,  though  it  is  fiur  more  powerful.  The  table  generaUj 
used  is  about  thirty  feet  long,  by  two  feet  wide ;  having  at 
<nie  end  a  powerful  cylinder  with  a  dudn  attached  to  it. 
This  cylinder  receives  motion  from  a  steam-engine,  or  other 
first  mover,  and  can  be  thrown  in  and  out  of  geer  by  an  adapt- 
ation of  any  one  of  the  appropriate  modes  described  under 
the  article  '*  MiB-geering.*'  About  two-thirds  the  length* 
of  the  bench  from  the  cylinder,  or  roller,  are  two  pins  or  stops 
to  hold  a  steel  plate,  which  has  a  gradation  of  conical  holes. 
Through  the  largest  of  these  holes,  which  is  somewhat  less 
than  tibe  diameter  of  the  circular  piece  of  lead,  the  loop  that 
is  screwed  on  to  the  end  of  the  mandrel  is  passed,  and  attached 
to  a  hook  at  the  extremity  of  the  chain,  which  chain  is  affixed 
to  the  cylinder  or  roller.  The  cylinder  being  now  thrown 
into  geer,  the  niece  of  lead  is  drawn  through  the  hole  in  the 
steel  plate,  which  diminishes  it  in  diameter,  and  increases  it 
in  length ;  and  this  operation  is  carried  successively  through 
the  series  of  gradually  decreasing  holes  in  the  draw*plate, 
until  the  pipe  is  reduced  to  the  required  diameter.  The 
cy&nder  is  now  struck  out  of  geer,  ana  the  mandrel  liberated 
from  the  chain,  which  is  immediately  attached  to*  the  other 
end  of  it.  The  steel  draw-plate  being  now  removed,  the 
stops  against  which  it  rested  allow  the  mandrel  to  pass  be- 
tween them,  but  detain  the  lead  pipe,  which,  consequently, 
by  striking  the  cylinder  into  geer,  allows  the  mandrel  to.be 
extricated  from  it.  A  small  portion  of  pipe  being  cut  off  at 
both  ends,  the  pipe  is  considered  finished.  Through  the 
whole  of  the  operation,  great  care  is  taken  to  keep  the 
mandrel  and  steel  plate  well  oiled. 

As  no  acid  can  pass  through  lead  pipe  without  beconung 
more  or  less  affected  b^  its  deleterious  qualities,  it  is  neces- 
sary in  cases  where  acids  are  used,  to  have  pipes  made  of 
iron,  or  of  lead  lined  witli  tin.  To  line  lead  pipe  wit^  tm, 
the  lead  pipe  must  be  cast  in  a  vertical  mouhl,  viiikix  has 
a  core  of  somewhat  larger  diameter  than  the  intended  bore  of 
the  pipe  passing  down  its  centre.  When  the  pipe  is  caat, 
and  the  metal  is  set,  this  mandrel  is  drawn  out  of  the  moidd, 
and  another  of  smaller  diameter  is  substituted.  About  as 
m)ich  coarse  resin  as  will  lay  on  a  shilling  is  now  thrown  into 
t}ie  space  between  the  pipe  and  the  core  or  mandrel  just 
passed  down  the  mould.    This  resin  by  the  heat  of  the  le»4 
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la  mdted^  and  runs  to  the  bottom  of  the  mould.  TKe  iUdted 
tin  being  now  poured  in,  the  resin  will  float  on  its  turfacey 
and^  consequently,  as  the  tin  rises,  anoint  the  tin  in  every 
pa^t^  and  act  as  a  flux,  and  unite  the  two  vessels.  As  soon 
as  the  tin  is  set,  the  last-n>entioned  mandrel  is  draivn  out, 
and  the  external  mould  being  removed,  the  lead  now  lined 
with  tin  is,  when  quite  cold,  ready  to  be  submitted  to  the 
process  of  drawing.  Various  other  equally  simple  processes 
are  adapted  to  this  purpose. 


PAPER  MANUFACTURE.^ 

Papbk,  that  highly  valuable  substance,  which,  enables  us 
to  communicate  our  thoughts  to  persons  situate  at  the  most 
distant  quarters  of  the  civilized  globe,  is  manufactured  from 
nigs,  by  the  aid  of  machinery. 

•  It  was  formerly  necessary  to  assort  with  great  care  the 
rags  which  were  mtended  to  be  manufactured  into  paper ; 
and  none  but  the  whitest  and  best,  and  which,  consequently, 
were  the  most  expensive,  could  be  made  into  paper  of  the 
finest  quality ;  but  since  tixe  introduction  of  chlorine  (which 
was  discovered  by  Scheele)  into  our  bleaching  establishments, 
the  necessity  of  this  assortment  has  been  greatly  obviated  i 
as  it  was  soon  conceived  that  that  chemical  agency,  which 
was  capable  of  bleaching  linen,  was  also  applicable  to  the 
whitening  of  the  rag  during  the  process  of  paper-making. 

At  that  period  of  the  process,  when  the  rag  is  coming  into 
a  state  of  pulp,  chlorate  of  lime,  which  was  first  manufactured 
by  Mr.  Tennant,  qf  Glasgow,  is  introduced  into  the  vat;  and, 
by  ittf  chemical  action  on  the  fibre,  whitens  or  bleaches  the 
whole  mass  *,  thus  enabling  the  manufacturer  to  produce  a 
whiter  and  much  finer  quality  of  paper  from  rags  of  a  se- 
condary quality,  than  he  had  heretofore  done  from  rags  of 
the  most  expensive  description.  It  must,  however,  be  ad* 
mitted  that,  as  in  all  bleaching  processes  where  the  fibre  is 
more  or  less  deteriorated  bv  the  action  of  chlorine,  the  paper 
nanofactured  and  whitened  by  this  agent  b  not  so  strong  as 
liiat  formerly  produced ;  as  may  be  observed  in  some  thick 
flad  beatttjfoBy  whke  papers  frequently  offered  to  the  public 


Mft  TrtB  onnutrvK  mscsanic 

at  asloiibking  low  prices^  which  are  maimfactared  fictms 
cutonred  and  inferior  rags,  with  a  aoperabundance  of  the 
eUontte  of  lime  introduced  in  the  process  of  the  manufacture* 
By  thiSf  therefore,  it  is  evident  that  the  chlorate  of  lime^ 
WMo  uaed  too  abondaiitlyy  will  rot  or  destroy  the  fibre  of  th^ 
whole ;  but  when  judidouBly  applied,  it  poduces  a  paper  of 
superior  colour,  and  of  adequate  strength  for  all  practical 
purposes. 

The  paper-mill  consists  of  a  water-wheel,  or  other  first 
mover,  connected  with  a  combination  of  toothed  and  other 
wheels,  so  arranged  as  to  cause  the  cylinder  in  the  wasAerf 
and  the  one  in  the  AeafrT^engine,  which  will  be  hereafter 
described,  to  make  from  120  to  150  revolutions  per  minute. 
On  the  same  shaft,  and  of  the  same  size  as  the  water-wheely 
is  a  toothed  or  eo^ed  wheel,  which  plays  in  a  pinion  ;  the 
spindle  of  this  pinion  is  furnished  with  a  crank,  which,  by 
means  of  a.  connecting  rod,  gives  a  reciprocating  motion  to  a 
lever,  for  the  purpose  of  working  two  pumps,  which  ndse 
a  constant  stream  of  water  from  the  miU-dam.  This  streaotf 
of  water  is  kept  running  through  the  rags  in  the  washing- 
engine,  to  carry  away  the  dirt  separated  from  them  by  thef 
operation.  The  structure  of  an  engine  is  more  minutely 
explained  by  figs.  371,  372,  373,  374,  Sec. ;  fig.  371  bem^ 
a  BiQction  throi^  the  length  of  the  engines,  and  fig.  372F 
a  horizontal  plan. 

Hm  lai]fe  vat  or  cistern,  A  A,  b  of  an  oblong  figure  on  the  ontside,  tlie 
apglet  bein^  cut  off;  but  the  inside,  which  is  lined  with  lead,  has  stralghf 
•ides  and  circular  ends.  It  is  divided  bj  a  partition,  B  B,  also  coveied 
with  leadw  The  cylinder  C  is  fixed  fast  upon  the  spindle  D,  whidi  extends 
aeroas  the  en^e,  and  is  put  in  motion,  as  before  deseribed,  by  the  pinion  fi^ 
placed  on  the  extremity  of  it.  The  cylinder  is  made  of  wood,  and  rarnishea 
with  a.  number  of  teeth,  or  cutters,  fixed  fast  on  its  circumference,  parallel 
to  the  axis,  and  projecting  about  an  inch,  as  is  shewn  on  a  laiger  scale  at 
ilg.  375. 

Immediately  beneath  the  cylinder,  a  block  of  wood.  If,  is  pilaced,  an  j 
provided  with  similar  cutters  to  those  of  the  cylinder,  which,  when  they 
ravolve,  pass  veiy  near  the  teeth  of  the  block,  but  do  not  touch ;  the  di»>> 
tance  between  them  being  capable  of  regulation,  by  eflevating  or  depres^ifg 
the  bearings  on  which  the  necks  D,D,  of  the  spindle  are  supported.  These 
bearings  are  made  on  two  levers,  F,  F,  which  have  tenons  at  their  eadup 
fitted  into,  upright  mortises,  made  in  short  beams,  O,  G,  bolted  to  the  ^des 
of  the  engine.  (See  also  fig.  373.)  The  levers,  F,  F,  are  movable  at  one 
•nd  of  each,  the  other  ends  being  fitted  to  rise  and  fhll  on  bolts,  in  the 
beams  6,  as  centres. 

The  front  one  of  these  levers,  or  tfiat  neafesf  Co  the  cylinder  C,  is  capaUe 
ef  being  elevated  or  depressed,  by  tnrning  the  handle  of  the  screw  bg 
which,  as  shown  in  fig.  373,  acts  in  a  nut  o^  fited  to  the  tenon  of  F,  and 
-  1  up  through  the  top  of  the  beam  G,  upoii  which  the  bead  of  the  screiT 
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iakm  hahetaing.  TWo  !>ntos«t  aie  kt  inte  the  middle  of  tho  tevefs  F,  F, 
aod  focm  the  bearings  for  the  spindle  of  the  engine  to  w«rk  upon.  Ihe 
screw,  b,  is  used  to  raise  or  lower  the  cjlittder,  ami  cause  it  to  cat  finer  or 
coarser,  by  enlarging  or  diminishing  the  space  between  the  cutters  in  tbe 
block,  and  those  of  the  cylinder 

Near  K,  figs.  3n  and  372,  is  a  eircolar  breasting  made  of  boaids,  an4 
corered  with  sheetplead  r  it  is  ctmred  to  fit  the  cylinder  Terjr  truly,  ainf 
learee  but  y/etj  little  space  between  tiie  teeth  and  breasting.  An  imlitted 
plane,  K,  leads  regularly  from  the  bottom  of  the  ennne-rat  to  the  top  of 
this  breasting;  and  at  the  bottom  of  it  the  hlodk^  H,  is  fixed. 

Tlie  engine  is  supplied  with  water  bY  a  pipe,  Q,  bringing  itfirom  the 
pump;  this  pipe  delivers  ft  into  a  amall  cistern,  M,  adjoining^  and  com^ 
munioatiflg  with  the  engine.  The  pipe  has  a  cock,  P,  to  stop  the  entrance 
of  the  water,  when  required,  or  to  regulate  the  quantity  or  its  discharge. 
The  small  cbtem  haa  a  grating  fixed  across  it,  coyered  yrfth  a  hair^sttainer^ 
to  catch  any  extraneous  matter  which  may  come  in  with  the  water,  or  a 
fiannel  bag  is  sometimes  tied  over  the  orifice  of  the  cock,  P,  tiiroug^ 
which  aU  the  water  must  be  filtered.  When  the  engine  is  filled  with  water, 
and  a  quantity  of  rags  put  in,  they  are,  by  the  revolution  of  the  cylinder, 
drawn  between  its  cutters  and  the  teeth  of  the  block  H.  This  cuts  them 
in  pieces,  then,  by  ^e  rapid  motion  of  the  cylinder,  the  rags  and  water  are 
thrown  over  the  top  of  the  breasting,  upon  the  inclined  plane ;  in  a  short 
time,  this  raises  more  rags  and  water  into  that  part  of  the  engine-vat ;  and 
the  tendency  to  restore  the  equilibrium  puts  the  whole  contents  of  the  vat 
in  slow  mouon,  dowo  the  inc^ned  plane  K,  and  round  the  partition  B  B^ 
by  whicli  they  come  to  the  cylinder  again  in  about  the  space  of  20  minutes;, 
io  that  the  rags  are  repeatedly  cot  and  chopped  in  every  direction,  till  they- 
are  redticad  to  a  pulp. 

This  ciicul9tion  is  of  advantage,  in  turning  the  rags  over  in  the  engine, 
and  causes- them  to  present  themselves  to  the  cutters  in  a  difibrent  direction 
every  time ;  for  as  the  cylinder  cuts  or  clips  in  straight  lines,  in  the  same 
manner  as  a  pair  of  shears,  it  is  requisite  to  cut  the  rags  across  in  diflerent 
directions,  to  reduce  them  to  apulp» 

The  manuer  <if  the  cutting  is  this :  ^o  teeth  of  the  bloek  are  placed 
rather  inclined  to  the  axis  of  the  cylinder,  as  shown  by  fig.  974,  but  the 
leetli  of  the  cyljoder  ve  paitdlel  to  it»  axis  ;  therefore,  the  cutting  edges, 
when  th^  mee.t»  are  at  a  small  ang}e»  and  come  in  contact  first  at  one 
end,  and  then  successively  the  contacts  proceed  along  to  die  odler  end^  scr 
that  any  rags  interspersed  between  them  are  cnt  in  the  same  manner  a». 
fliey  vonldbe  between  ike  Uades  o€  »  pair  of  shears.  SometiflMs  the 
phttsor  cwtters^  A,  in  tie  VUn^  are  bent  to  an  angle  in  the  middle,,  instead. 
of  being  straight,  and  inclined  ta  the  cylinder ;  in  this  ease,  thc^  are 
caSed  elbow  plates,  and  of  conrse  the  two  ends  are  both  inclined  to  the 
axis  of  the  cylinder  in  opposite  directions.  In  either  case,  Ae  edges  ofi 
file  plate  of  the  block  cannot  be  straight  lines,  but  must  be  curved^  td 
adapt  them<dM«  to  the  curve  whiak  a.  Udo  tmeed  on  the  cylinder  will  oC 

course  baye.  ,  ,  .  .      ,        ,      ^ 

The  plates  or  cutters  of  the  block  are  united>  by  screwing  them  altogether 
and  fitting  them  into  a  cavity  cut  out  in  the  wooden  blodt  H;  their  edges 
are  berelied  avray  on  one  side  only;  as  shown  at  A  in  the  secdon,  fig.  374. 
Hae  block  is  fixed  in  its  place  by  being  made  dove-tailed,  and  truly  fittect 
inlo  the  bottom  of  the  eetern,  so  that  the  water  will  not  leak  by  it.  The 
end  of  it  conieji  through  the  wood-work  of  the  chest,  and  projects  a  small 
distance  on  the  outside  of  it,  being  kept  up  to  its  place  by  a  wedge^  so  that 
by  withdrawing  this  wedge,  the  bloek  Womes  loose,  and  can  be  removed, 
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to  flhaipen  the  cutten,'  as  occasion  requires.    This  is  done  on  a  grindstooey 

theplates  being  first  seintrated  from  each  other. 

Ine  cutlers  of  the  cylinder  are  fixed  into  grooves,  cut  in  the  wood  of  the 
eylinderi  at  equal  distances  from  each  other  round  its  circumferenoey  in  ^ 
mrection  parallel  to  its  axis ;  the  number  of  these  grooves  is  twenty ;  and 
fi>r  the  washer,  each  groove  has  two  cutters  or  bars  put  into  it ;  then  a  fillet 
of  wood  is  driven  fiist  in  between  them,  to  hold  them  firm ;  and  the  fillets 
are  kept  &8t  by  spikes  driven  into  nhe  solid  wood  of  the  cylinder.  The 
beater  is  made  in  the  same  manner,  except  that  each  groove  contains  three 
bars  and  two  fillets,  as  shown  in  fig.  375. 

In  the  operation  of  the  cylinder,  it  is  necessary  that  it  should  be  enclosed 
in  a  case,  or  its  great  velocity  would  throw  a^U  the  water  and  rags  out  of  the 
engine.  The  case  is  a  wooden  boa^  L  L,  enclosed  on  all  sides  except  the 
bottom ;  one  side  of  it  rests  upon  the  edge  of  the  vat,  and  the  other  upon 
the  edge  of  the  partition  B  B.  The  lines,  c  e,  renresent  the  edges  of  woodei^ 
flames,  which  are  covered  with  hair  or  wire-clotn ;  and  immediately  behind 
these,  the  box  is  made  with  a  bottom;  and  a  ledge  towards  the  cylinder, 
which  makes  a  complete  trough. 

The  dark  spaces,  e  e,  in  fig.  371,  show  the  situation  of  two  openings,  or 

rits,  through  the  side  of  the  case,  which  lead  to  flat  lead-pipes,  b,  6, 
372,  whi<£  are  placed  by  the  side  of  the  vat  ;<  the  beam,  F,  being  cut 
away  for  them.  There  are  waste  pipes,  to  convey  away  the  foul  v^ater  (rom 
the  engine;  for  the  cylinder,  as  it  turns,  throws  a  great  quantity  of  water 
and  rags  against  the  sieves ;  the  water  goes  through  them,  and  runs  down 
into  the  trough  at  e  €,  and  from  thence  into  the  ends  of  the  lead  pipes,  b,  6, 
fig.  372,  by  which  it  is  conveyed  away ;  «f,d,  fig.  37X,  are  grooves  for  two 
boards,  which,  when  put  down  in  their  places,  cover  the  hair-sieves,  and 
stop  the  water  fiom  going  through  them,  if  it  is  required  to  retain  the  water 
in  the  engine.  This  is  always  the  case  in  the  beating-engines,  and  therefore 
they  are  seldom  provided  with  these  waste-pipes,  or  at  most  on  one  ^de 
only ;  the  other  side  of  the  cover  being  curved,  to  conform  to  the  cylinder. 
Except  this,  the  only  difference  between  the  washing-engine  and  the  beater 
is  that  the  teeth  of  the  latter  are  finer,  having  60  instead  of  40  bars  on  its 
circumference ;  and  it  revolves  quicker  than  Uie  washer,  so  that  it  vrill  cut 
and  divide  those  particles  which  pass  through  the  teeth  of  the  washer. 

The  rags  being  now  reduced  to  a  state  of  pulp,  we  shall  in 
the  next  place  proceed  to  show  the  method  at  formmg  it  into 
sheets  of  paper. 

It  was  formerly  the  custom  to  aUow  a  small,  but  sufficient 
portion  of  the  pulp  to  flow  on  a  sieve  furnished  with  two 
handles,  which  sieve  was  agitated  by  a  workman  until  the 
pulp  had  subsided  or  settled  regularly  throughout  the  sur&ce« 
This,  when  it  had  passed  through  the  usual  processes  of 
pressing,  drying,  &c.  constituted  a  sheet  of  paper ;  and  its 
texture  was  in^cated  by  the  fineness  of  the  quality  of  the 
wire  out  of  which  the  sieve  was  constructed. 

This  unmechanical  and  desultorv  mode  of  operation  has 
been  obviated  by  improvements  efiected  by  many  ingenious 
persons ;  but  the  machines  which  are  now  almost  universaUy 
employed,  and  which  have  most  decidedly  superseded  all 
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Other  attempts  at  the  same  object^  was  the  invention  of  the 
Messrs.  Fourdrinier.  The  action  and  arrangement  of  this 
ingenious  piece  of  mechanism  consists  in  having  a  horizontal 
imme,  of  any  required  length,  furnished  with  a  roller  or 
cylinder  at  each  end,  over  which  is  stretched  an  endless  web 
of  brass  wire,  of  the  requisite  texture  or  fineness  for  the 
paper  about  to  be  manufactured.     At  one  end  of  the  frame, 

!)araUel  with,  and  immediately  over,  one  of  the  cvlinders,  is  a 
ong  angular  trough,  into  which  the  pulp  is  received,  whence 
it  issues  through  a  long  slit  or  opening,  which  is  regulated  by 
a  screw,  and  falls  on  the  surface  of  the  web  beneath.  At  this 
period  of  the  process,  the  cylinders  are  set  in  motion,  and 
the  web  proceeds  slowly  forward  with  a  tremulous  motion, 
which  arranges  and  disperses  the  pulp  regularly  over  th^ 
whole  surface  of  the  web.  This  tremulous  motion  is  im« 
parted  to  the  whole  of  the  machinery  by  an  eccentric  move-^ 
ment. 

As  soon  as  the  pStper  arrives  in  this  crude  and  wet  st^ite  at 
the  extremity  of  the  web  of  the  further  cylinder,  it  is  wiped 
and  taken  up  by  a  larger  cylinder,  covered  with  felt  or  flannel, 
and  is  passed  between  a  series  of  similar  cylinders,  and  finally 
delivered  to  a  reel,  and  wound  o£F  in  a  coil  or  hank  so  long  a!ii 
the  operation  proceeds.  Thus,  paper,  by  the  action  of  this 
ingenious  machine,  may.  be  manufactured  to  an  unlimited 
length,,  and  of  any  width  that  is  compatible  with  the  manu-^ 
facture  of  wire  web.  The  reel  or  winder  being  now  with- 
drawn, the  coil  of  paper  is  cut  on  both  sides,  forming  sheets 
of  the  length  and  breadth  of  the  machine  and  reel  on  which  it 
is  wound. 

The  arrangement  of  the  different  speeds  of  the  various 
cylinders  for  moving  the  web,  and  afterwards  pressing  the 
paper,  together  with  the  action  of  the  reel,  and  the  tremulous 
motion  that  is  imparted  to  the  whole  of  the  machinery  by  the' 
eccentric  or  wiper,  as  also  the  regular  supply  of  the  pulp  for 
the  yarioud  qualities  of  the  paper  to  be  manufactured,  form  a 
Hiost  elegant  combination  of  ingenuity  and  mechanical  know- 
ledge ;  and  it  is  only  to  be  lamented  that  the  inventors  and 
first  proprietors,  of  this  great  source  of  national  industry, 
should  not  have  obtained  a  reward  adequate  to  the  benefit 
which  they  have  conferred  on  their  country. 

The  quantity  of  water  which  a  paper-mUl  dul  (^otttmaftd  ttf 
tarn  its  engines,  generally  limits  the  extent  of  its  trade  j 
hence  the  manu&cturers  should  attend  to  every  improvement 
of  the  machinery  which  can  increase  their  effect* 
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A  very  large  and  capital  paper-mill^  at  Maidatone,  in  Kent, 
which  is  the  principal  seat  of  the  paper  trade  in  England^  i» 
worked  by  steam-engines,  and  is  found  to  answer  very  well. 
iThe  machinery  and  building  of  a  paper-mill  should  be  well 
made,  and  firmly  put  together,  otherwise  its  great  Telocity 
and  power  produces  a  tremor,  which  in  time  shakes  every 
thing  to  pieces.  The  noise  and  vibration  of  a  washing' 
engine  is  tremendous ;  for  when  it  revolves  120  tinier  per 
minute,  and  has  forty  teeth,  each  of  vdiich  passes  by  twelve 
*or  fourteen  teeth  in  tne  block  at  every  revolution,  it  will  make 
near  60,000  cuts  per  minute,  and  each  of  them  sufficiently 
loud  to  produce  the  most  horrible  growling  sound  which  catt 
be  conceived. 

The  beater  revolving  quicker,  having  sixty  teeth,  and  twenty 
or  twenty-four  cutters  m  the  blocks  will  make  180,000  cuts 
per  minute,  which  is  so  rapid,  as  to  produce  a  coarse.musical 
note  or  humming,  which  may  be  heard  at  a  great  distance  from 
file  mill.  This  great  number  of  cuts  wfll  account  for  an 
engine  being  able,  in  the  course  of  four  or  five  hours'  working, 
€o  reduce  a  quantity  of  rags  to  those  exceedingly  minute 
filaments,  of  which  paper  is  composed. 

Mr.  John  Dickenson  took  out  a  patent  hi  1809,  for  certain 
ilnprovements  on  his  former  patent  machinery  for  cutting  and 
planing  paper,  as  also  for  certain  machinery  for  the  manu* 
racture  of  paper  by  a  new  method.  His  description  of  it  i» 
as  follows: 

The  first  part  of  the  invention,  consisting  in  certain  improvements  in  the 
patent  machinery  for  cutting  and  planing  paper/ is  described  id  the  annexed 
dravrings;  wherein  fig.  376  represents  a  sectional  elevation,  fig.  377  i^ 
fUBy  and  fig.  378  a  transverse  section.  Every  part  in  the  elevation,  fig.  376^ 
18  on  a  line  vrith  the  same  part  in  the  plan,  fig.  377,  and  the  same  parts  aie 
represented  by  tlie  same  letters  io  all  the  three  figures ;  a  is  a  reel,  covered 
with  paper;  i  a  swinging  roller,  to  draw  the  end  of  the  paper  a  little  back 
after  it  nas  been  cut ;  e  a  bar,  having  a  groove  in  iU  upper  surfiuie,  into 
trhich  the  circular  cutter  d  runs.  The  bar  e  is  movable  up  to  a  oertaitf 
height,  and  connected  with  two  arras,  of  jc,  by  means  of  which  it  may  be 
moved  downwards;  the  springs  ee  will  elevate  it  again  when  the  pressure 
if  removed  from  the  arms  xjp ;  /is  a  sliding  frame,  having  a  pair  of 
tongs  attached  to  the  front  of  it,  and  marked  g.  The  board  on  which  the 
paper  is  laid  is  marked  k ;  and  on  the  side  next  the  tongs  is  furnished 
with  thin  teetii,  it.  The  frame/,  v^rhich  carries  the  tongs,  slides  in  groove* 
in  the  frame  of  the  machine,  and  is  moved  backwards  axid  forwards  by  the* 
rod  J,  which  in  drawing  the  tongs  from  the  reel  of  paper  closes  them;  ao(F 
in  forcing  them  back  again  towards  the  reel  of  paper,  opens  them.  On 
each  side  of  the  frame /is  fixed  a  small  roller,  whicn  act  upon  the  arms  *JV 
90  that  the  frame  in  being  forced  towards  the  reel  of  pftper  presses  the  am* 
down,  and  consequently  moves  the  bar  e  down  out  of  the  way  of  the  toojes^ 
which  at  that  period  are  open.  The  end  of  th^  paper  is  at  that  time  lyin^ 
fven  with  the  extremity  of  the  teeth  i  i,  and  the  jaws  of  the  tongs  closio^ 
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Immedisleiy  that  the  rod  }  is  pot  in  motion  to  draw  the  fram^  back,  mim 
ihepaper  m  every  interyal  between  the  teeth,  and  draw  it  along  with  then. 
When  they  hare  earried  it  out  the  length  that  the  s^eet  of  paper  is  wanted^ 
tile  bar  c  having  been  raised  up  to  its  place  by  the  springs  #6,  the  circular 
butter  is  thrown  across,  and  as  the  edge  descends  into  the  groove  about  the 
sixteenth  part  of  an  inch,  the  paper  vdiich  is  lying  opoti  it  is  cut  through^ 
and  the  ends  fell  down  upon  the  heap  below  the  longs;  beiiig  then  forced 
back,  and  at  the  same  time  opened  by  the  rod^,  the  other  end  of  the  sheet 
is  released,  also  the  swinging  roller  b  then  fells  down  upon  the  board  JL 
and  dravrs  back  the  end  of  the  paper  even  vnth  the  line  formed  by  the  end 
of  the  teeth  t,  ready  for  being  seized  again  by  the  tones.    The  rods  j,  by 
which  the  frame  carrying  the  tongs  is  moved  backwards  and  forWrds,  ha^ 
a  hook  k,  which  can  be  filed  at  any  part  of  the  rod  by  a  screw ;  vh&  thef 
dinck  being  furnished  With  pins  m  m,  at  two  opposite  points  on  its  sur&oe/ 
these  catch  the  hooks,  and  draw  the  rod,  and  consequently  the  fhune,  witU 
the  tongs  outwards.    When  the  clinck  has  made  half  a  revolution  the  hook 
is  stopped  by  the  bar  n,  and  the  rod  and  frame  remain  stationary  whilcT 
the  paper  is  cut.    When  the  pin  has  got  clear  of  the  hook,  the  it>d  snd 
frame  are  immediately  drawn  oack  by  a  vreight  acting  over  a  pulley,  which 
is  connected  with  the  rod  by  the  cord  o.    The  circular  knife  is  fixed  in  a 
sort  of  waggon,  having  four  rollers  fj»,  by  means  of  which  it  runs  along  the 
beams  q  q.    The  knife  is  kept  moving  at  the  rate  of  about  five  hundred  turntf 
per  minute,  by  means  of  a  band  patting  round  the  small  rigger  r,  and  thtf 
pnllevs  9  9,  which  is  kept  in  motion  by  any  convenient  power.    The  waggort 
may  be  thrown  across  at  the  proper  period  by  the  following  method,  or  any 
other  more  convenient.    A  cord  is  attadied  to  the  Waggoh,  acting  over  a 
pulley  with  a  weight  at  the  end,  student  to  draw  it  across  one  way  with' 
a  quick  motion :  for  drawing  it  across  the  other  way  a  cord  is  attadied  to 
the  waggon,  which  is  carried  over  a  pulley,  and  fastened  to  the  weight  A^ 
in  fig.  379,  which  is  much  heavier  than  the  vreight  before  mentioned.    The 
endless  bamd  B  passes  round  the  rigger  D,  which  is  kept  in  constant 
uniform  motioti,  according  to  the  rate  at  whieh  the  paper  is  cut.    The  band 
also  passes  round  the  rigger  C,  which  has  a  click  that  stops  it  going  round  f 
consequently  as  the  rigger  goes  on,  it  keeps  winding  up  Oie  weight  A,  and 
the  spare  Ixmd  is  engrossed  by  the  smaller  Weight  £,  so  that  when  the  click 
that  confines  the  rigger  D  is  removed,  the  weight  A  descends  and  draws  it 
round  a  com]^e  revolution.  When  it  is  again  caught  by  the  elick,  at  the 
same  time  the  weight  A  draws  the  vraggon  across,  and  it  is  caught  on  thai  . 
side  the  frame  and  confined  by  a  chck ;  when  the  next  sheet  is  to  be  cut  ths 
Vaggon  is  released,  and  the  weight  attached  to  it  on  the  other  side  dravrs  it 
across  again,  the  heavier  weight  A  being  by  that  time  drawn  up  high  enough 
to  aUow  of  its  going  all  across ;  the  two  clicks  mav  be  contrived  accordinjp 
to  any  common  well-known  mechanical  method,  and  the  motion  th«t 
releases  them  can  be  communicated  with  the  most  advantage  from  the 
didL  e  I  the  pins  m  m  can  be  fixed  in  holes,  (  e,  at  a  grteter  or  less  distance 
£rom  the  centre,  according  to  the  size  the  paper  is  inteiided  to  be  ctit,  and 
the  hook  on  the  rod  J  must  be  shifted  accordingly.    A  regular  motion  majr 
he  given  to  the  click  by  any  convenient  power,  and  at  such  a  rate  as  it  it 
required  to  cut  the  paper. 

The  remainder  of  the  drawings  is  for  the  purpose  of  explaining  the 
Remaining  part  of  the  invention,  consisting  of  certain  machhies  or  machinery 
for  the  manufacture  of  paper,  by  a  new  method.  For  this  purpose,  a 
cylinder  is  constructed  te  as  to  possess  the  following  Requisites :  in  the  flt^ 
place  it  must  be  hollow  and  open  at  the  ends ;  secondly,  the  surfece  of  tha 
periphery  must  be  like  a  sieve,  vrith  apertures  commuBkating  with  thf 
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iBtemal  part  large  enough  to  pennit  the  passage  of  water,  htii  cakolated  tcr 
intercept  fibres  of  rag ;  thirdly,  it  must  he  so  contriTed  that  the  surface  will 
not  yield  from  its  perfectly  cylindrical  form,  notwithstanding  a  very  consider- 
able degree  of  pressure  upon  it ;  fourthly*  it  must  be  fnrmshed  with  broad 
fiat  rings'  for  the  purpose  of  covering  part  of  its  surface ;  at  the  ends  there 
may  be  several  pairs  of  these  rings  of  difleient  widths,  in>  order  to  vary  the 
proportion  of  the  sur^tce  which  is  left  uncovered,  provided  the  same 
cylinder  is  extended  for  making  different  sized  papers ;  fifthly,  it  must  be 
hVing  upon  an  axis  in  a  horixontal  position,  and  firmly  fixed  in  bearings,  so 
diat  it'  may  be  turned  by  any  convenient  power ;  sixthly,  the  numerous 
SBlall  apertures  on  the  external  sur&ce  must  open  into  a  less  number  of 
large  ones,  communicating  vrith  the  internal  surface,  with  solid  interstices 
between  them ;  seventhly,  it  ought  not  to  be  made  of  wood  because  it 
would  be  liable  to  warp,  nor  of  iron  because  it  would  rust,  and  injure  the 
jMper ;  brass  or  any  other  strong  metal  would  be  found  most  convenient. 
To  construct  a  cylinder  possessing  the  requisites  above-mentioned,  of 
which  the  dimensions  must  be  according  to  the  size  and  thickness  of  the 
paper  it  i»  intended  for  making,  the  patentee  tahes  a  brass  cylinder,  perfectly 
smooth  inside  and  outside^  excepting  a' small  portion-at  each  end  whidi  is 
lefi  plain,  and  turns  the  outside  so  as  to  resemble  a  screw,  the  threads-  of 
which  are  about  a  quarter  of  an  inch  apart,  and  the  twenty-fifth  part  of  an 
inch  in  depth,  witix  a  round  edge.  He  then  drilb  holes  betWeen  the  threads, 
which  are  cut  in  a*  taper  form,  the  diameter  at  top  being  the  width  of  the 
interval  between  the  threads,  and  at  the  bottom  redu^  to  one  half  that 
size;  the  space  on^  the  outer  surfikce  of  the  cylidder,'  lefl  betweeir  these 
koleeon  each  side,  is  equal-  to  the  breadth  of  the  thread  ;  notches-are  cut  in 
the  threads  for  the  purpose  of  letting  in  cross  wires,  the  diameter  Of  which  isr 
equal  to  that  of  the  threads,  so  that  when  they  are  laid  into  the  notches  and 
soldered,  or  otherwise  fastened  down,  the  surftoe  of  the  cylinder  will  resem^ 
ble  network,  with  openings  of  an  oblong  shape,  and  having  the  sur&ces- 
of  all  the  interstices  plane  with  each  other,  ahd  wound  to  an  equal  curve. 
It  is  then  covered  with  an  endless  web  of  woven  wire,  which  is  drawn  tight 
over  it;  The  ends  of  the  cylinder  are  cut  down,  or  rabbeted,  so  that  a  ring' 
may  be  niade  to  slide  on  each  end ;  and  the  ends  of  the  wire  are  fastened  to 
tiiis  ring  by  means  of  small  plates,  which  are  put  over  the  wire,  and  screwed 
down  upon  the  rings  by  means  of  screws  whidi  pass  through  the  wire. 
Th^e  rings  are  aho  furnished  with  other  screws  for  the  purpose  of  extend* 
ing  them  out  from  the  cylinder,  and  the  wire  being  fastened  to  them,  it  is 
by  that  means  stretched  and  drawn  tight  down  upon  the  sur&ce  of  the 
(^Under. 

In  the  annexed' drawing,  fig.-3d0,  a  to  6  represents  a  transverse  section 
of  a  segment  of  the  cylinder  C  C  C,  being  the  holes  ;dddyike  cross  wire  ; 
eeee,w  thread  of  the  8crew,-which  is  shaded; 

Fig.  381  is  ajplan  of  a  portioA  of  the  external  surfkce  of  the  cylinder, 
wherein  A  to  B  shows  it  without  the  cross  wires,  or  the  external  wove 
wire ;-  C  C  C  are  the  holes,  eee  the  thread  of  the  screw  with  the  notches 
eut,  a  as,  for  the  reception  of  the  cross  wires ;  B  to  C  shows  it  with  the 
cross  wires  let  in,  dddj  which  are  soldered  or  otherwise  fastened  at  their 
ends  into  the  ends  of  the  cylinder.  C  to  D  shows  it  with  the  woven  wire 
laid  over  it,  tiiKXigh  which  the  surfieice  of  the  cylinder  is  seen  underneath. 

Fig.  382  is  a  section  of  a  part  of  the  cylinder  at  one  end.  where  .the  bc^sr' 
are  marked  ccc,  the  cross  wires  ddd,ihe  threads  eee;  the  external  wove 
wire/,  is  represented  by  a  red  line,  it  is  carried  under  the  plates  gj  and 
listened,  by  means  of  a  number  of  screws,  A,  down  upon  the  ring  t,  which 
is  shaded,  and  after  it  is  fixed  i*  that  manner  at  each  end  of  the  cylinder^ 
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tfie  ring  •  may  be  exteiided  from  the  cylinder  by  means  of  the  largsr  screws 
Ry  and  the-wire  thereby  strained  down  tight  upon  the  surface  of  the  cylinder ; 
this  .part  of«the  mechanism  is  also  represented  in  the  plan,  fig.  381,  where  the 
different  parts  are  marked  in  the  same  manner,  except  Uiat  the  woven  wire 
wdfawn  lo  black. 

Fig.  383  is  a  representation  of  a  connected  web  of  laid  wire,  which  may 
be  laid  over  the  cylinder, «xaetW  in  the  same  manner  as  the  wove  wire, 
observing  that  the  laid  wires  should  be  parallel  with  the  axis,  and  th« 
tying  wires  e^^  at  right  angles  with  it,  observing  that  the  laid  wires  must 
be  very  finc^laoed  very  near  together,  and  drawn  as  tight  as  possible  at 
the  ends.  The  reason  of  laying  the  cross  wires  ddd  diaffonally,  is  prin- 
cipally in  order  that  they  may  not  be  parallel  with  the  laid  wires,  in  whieh 
case  tbey  woiild  impede  the  passage  of  the  water ;  for  this  reason  they  ought 
to  lay  at  an  angle  as  near  45  degrees  as  may  be  convenient;  but  if  .the 
cylinder  is  intended  only  for  the  manu&cture  of  wove  papers,  the  cross 
wires  may  be  parallel  with  the  axis,  the  holes  ranged  in  rows  also  parallel 
with  the  axis,  and  the  threads  of  the  screw  converted  into  small  beads. 
There  are  other  modes  of  constructing  a  cylinder  possessing  die  necessary 
requisites,  but  the  patentee  thought  it  expedient  only  to  describe  tliat 
wludi  he  considers  easiest  of  construction,  most  durable,  and  most  effica- 
cious in  use.  He  also  proposes  connecting  the  rings  mentioned  as -the 
^urth  requisite,  as  being  necessary  for  covering  part  of  the  surface  of  the 
cylinder,  completed  as  above  at  the  ends  with  arms,  so -as  to  form  caps  that 
may  be -fixed  on  to  the  end  of  the  cylinder,  and  each  being  furnished  with 
an  axis,  it  can4hen  be  'fixed  in  bearings  for  the  purpose  of  being  turned  by 
any  convenient  power. 

Fig.  384  is  an  outline  section,  representing  it  in  that  situation,  with  a  vessel 
fixed  agamst  it,  which  is  called  aback ;  the  sides  or  cheeks  of  which  are  curved, 
f  o  as  to  correspond  widi  the  rings  or  surface  of  the  caps ;  and  the  bottom, 
at  the  point  s,  is  made  to  close  in  upon  the  surface  of  the  cylinder,  so  that 
the  vessel. on  all  sides  fits  the  cylinder  in  such  manner,  that,  if  fixed  i^ainst 
it,  and  filled  with  any  fluid,  the  fluid  would  have  no  means  whatever  of 
escaping,  except  by  running  through  the  surface  of  the  cylinder,  and  out  at 
the  ends :  ibe  exact  shape  of  this  vessel  is  not  material.  He  next  takes  a 
triangular  trough,  or  receiver,  closed  up  at  the  ends,  and  made  so  that  the 
tipper  edges  fit  the  inside  of  the  cylinder,  and  of  such  a  depth  that  the 
lK>ttora  may  be  about  level  witli  the  centre  of  the  cylinder,  so  that  this 
t  eing  fixed,  and  the  cylinder  turned  round,  every  part  of  the  upper  edge 
may  rub  against  the  inside  of  the  cylinder,  which  we  have  before  said  must 
be  perfectly  smooth.  In  fig.  380  a  section  i^  shown  of  this  trough,  which  has 
an  orifice  at  one  end,  at  the  bottom,  marked  m.  It  may  be  observed,  that 
at  the  points  n  n  it  comes  in  contact  with  the  internal  surface  of  the 
cylinder. 

Fig.  385  is  an  outline  vertical  section,  whei^ein  the  trough  is  r|n>resented 
fixed  in  the  inside  of  the  cylinder,  and  coloured  blue,  with  the  orince  m  and 
lipe  communicating  with  it  n.  It  is  to  be  observed,  that  this  trough  is 
irmly  fixed  by  means  of  a  plummer  block  o  o,  which  has  the  top  coupling 
screwed  dovm  fast,  and  the  trough  is  supported  at  the  other  end  by  means 
of  a  cylindrical  pin,  which  works  in  a  hole  in  the  cap  a.  The  other  cap  6, 
instead  of  an  axis,  has  a  hole  in  the  middle,  fitted  to  the  outside  of  the 
pipe  n,  so  that  it  forms  a  bearing  for  that  side  of  the  cylinder.  The  axis 
Off  the  cap  a,  at  the  other  end  of  the  cylinder,  is  supported  in  a  bearing^ 
arid  has  upon  it  a  cog-wheel  p ;  by  means  of  which  moticm  may  be  com- 
nranicatea  to  the  cylinder,  and  as  it  turns  round  it  rubs  against  the  upper 
edjfe  of  the  trough,  which  will  remain  fixed,  and  receive  any  fluid  tnai 
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panes  throuf^h  tht  upper  part  of  theiiiHAoeof  the  oyUndir,  anl  eanj  it 
off  through  the  orifice  m  in  the  same  section.  The  eylinder  is  eokNuM 
ireUow,  the  caps  red,  and  the  parts  whi<^  answers  to  the  rings  arB  shaded. 

Fig.  386  is  a  front  tiew  of  one  of  the  caps. 

Fig.  387  b  a  sectional  elevation  of  the  machinery,  in  a  state  of  piepan^ 
lion  for  die  manufikcture  of  paper. 

Fig.  388  is  a  plan  of  the  same.  Each  paii  in  the  ^evalion,  fig.  387,  m 
pn  a  line  wit^  the  same  part  in  the  plan,  fig.  388 ;  and  everj  part  is  marked 
with  the  same  letter  in  both.  A  is  a  cireular  stuff<;hest ;  mto  which  the 
stuff  is  admitted  from  the  engine.  B  is  an  agitator,  consisting  of  a  number 
(Garros,  connected  with  the  spindle  C,  which  passes  up  through  a  tube  D, 
in  the  centre  of  the  chest,  and  tnis  being  turned  by  the  bevelled  cog-wheel  £^ 
keeps  the  stuff  in  motion  in  the  cbest,  and  also,  by  means  of  the  two 
nepers  F  F,  gives  motion  to  another  small  agitator,  in  the  smaller  veseel  G, 
wbidh  is  for  the  purpose  of  receiving  the  stuff  f^m  the  first  chest,  and  it  is 
conveyed  throngo  the  pipe  H,  the  aperture  of  which  is  enlarged  or  oontracted 
by  means  of  a  conical  valve,  which  is  acted  upon  by  some  ajmaratas  I,  on 
the  principle  of  a  ball-cock,  so  that  as  the  vessel  fills  with  stuff  it  graduaUy 
^oses  the  orifice ;  bv  this  means  the  stuff  in  the  smaller  vessel  O  may  lie 
kept  at  a  uniform  height,  and  the  head  being  uniformly  the  same,  the 
discharge  through  the  pipe  J  at  the  bottom  vrill  be  always  equal.  The 
large  chest  A  may  be  oi  any  shape  or  dimensions,  and  agitated  in  any 
convenient  manner ;  the  smaller  chest  O  ought  to  be  circiiLar,  and  about 
18  inches  diameter,  and  the  same  depth.  The  use  of  it  is  to  cause  an 
uniform  discharge,  which  would  not  take  place  if  the  stuff  were  to  pass  from 
the  large  chest  without  any  intermediate  vessel,  because  its  passi^  dutHigh 
the  pipe  would  be  more  or  less  rapid,  according  to  the  height  of  the  head, 
srtiich  would  be  continually  varyii^  in  proportion  to  the  consumption  or 
aocumulation  of  stuff.  In  the  pipe  J  there  i^  a  cock  K,  by  means  of  which 
the  quantity  of  stuff  that  is  permitted  to  pass  may  be  regulated  with  the 
greatest  degree  of  nicety ;  and  when  it  is  once  ascertained  what  proportioii 
of  stuff  is  required,  no  variation  in  the  supply  can  take  place.  Tne.  best 
•ort  of  cock  or  valve  for  the  purpose  will  be  such  a  one  as  leaves  an  open>- 
ing  for  the  stuff,  which  is  nearly  round  or  square,  because  if  it  were  narrow 
the  stuff  might  lodge.  The  pipe  J  descends  into  Che  pipe  K,  through  which 
there  is  a  constant  and  rapid  now  of  vraler,  and  it  carries  avray  tlm  supply 
of  pulp  from  the  pipe  J,  and  they  pass  together  into  the  vessel  L^  in  wnu& 
there  are  two  agitators  M  M,  kept  m  pretty  quick  motion  by  means  of  the 
lig^rs  N  N,  In  this  vessel  and  in  the  pipe  K  the  water  and  stuff  become 
intmiately  mixed,  and  formed  into  pulp,  oia proper  consistency  for  working  ; 
but  it  is  to  be  observed,  that  in  making  paper  by  this  method  about  four 
times  as  much  water  should  be  introduced  into  the  pulp  as  is  made  use  of 
in  the  ordinary  modes  of  paper-making.  From  the  vessel  L  the  pulp  fiows 
through  the  pipes  O  O  into  the  vessel  P,  which  has  been  before  described 
in  fig.  384,  and  called  a  back.  Q  Q  are  waste  pipes,  for  ac^usting  tfie  height 
of  the  h^ad,  or,  in  other  words,  the  level  of  the  pulp.  In  the  b»^  R  is  the 
hollow  cylipder,  described  in  figs.  380,  381,  382,  383,  384,  and  385,  and 
the  cylinder  being  in  motion  in  the  direction  described  in  the  drawings 
the  water  is  constantly  flowing  through  the  surface  of  it  from  the  point  9 
to  the  point  T,  that  is  to  say,  through  every  part  which  is  covered  by  tht 
pulp,  and,  as  the  water  parses  through,  the  fibres  of  rag  are  left  on  the 
surraice,  so  that  they  are  generally  accumulating  on  any  given  part  c^  the 
suHace  of  the  cylinder  during  the  whole  of  its  passage  from  the  point  S  to 
the  point  T :  and  when  it  emerges  from  the  pulp  at  the  point  T,  the 
quantity  requisite  for  ih^  composition  of  a  sheet  of  papier  is  coQected, 
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0^  Ak  iriMH  ptofe  in  6ii41es»  suecesskm  a^  ^oag  u  the  motion  is 
i^imtoufid,  smd  an  uoi^fm  supply  of  pulp  is  kept  up.  It  has  heen  befbre 
#t«l«d»  that  wben  ih^  ^urikce  of  thQ  cylinder  emerges  from  the  pulp 
At  the  point  Jy  the  quantity  of  fibre  requisite  for  the  composition  of  a 
ffaeet  of  paper  is  caUecied;  \)ut  »t  that  period  so  much  water  is  con- 
tained among  them,  that  it  is  necessary  to  drain  olf  the  greater  part  of  it 
befove  it  will  admit  of  any  sort  of  pressure  usually  made  use  of  for  squeezing 
<nit  the  water,  and  lor  compressiug  the  fibres  of  rag  together,  for  .the  purpose 
!oi  naalung  them  cohere,  apd  thereby  giving  tenac^  to  the  paper.  For  this 
pvrpoae  Uie  trough  V,  the  construction  of  which  is  more  frilly  explained  in 
ngs.  380  and  385,  is  fixed  in  the  inside  of  the  cylinder,  and  made  to  fit  tight 
all  round  its  upper  edge.  It  has  a  communication  with  the  pipe  W,  as  i$ 
mpraf^ted  in  ^g.  385,  where  the  pipe  is  pointed  out  by  the  letter  n  i  and 
thia  pipe  is  connepted  with  a  pair  of  double-acting  pumps  X  X,  placed  in  a 
cisteni  of  waier,  so  that  whea  those  pumps  are  put  in  motion,  the  air  con- 
tained in  the  triangular  space,  enclosed  between  the  trough  and  the  cylinder, 
is  immediately  drawn  out,  and  consequently  the  pressure  of  the  atmosphere 
taikes  place  npoo  the  surface  of  the  cylinder,  which  is  covered  vnth  pulp,  in 
the  state  befove  d£scribed>  and  thereby  rendered  nearly  impervious  to  th^ 
air.  The  immediate  effect  produced  is  the  squeezing  out  the  water,  and 
laying  the  pulp  down  in  a  compact  state  on  the  surfiice  of  the  cylinder,  so 
that  the  papier  cannot  be  disturbed  at  the  point  Z,  by  the  pressure  of  the 


i  cylinder  R,  and  in  the  direction  described  in  the  drawing. 
H  is  ma4a  to  fit  in  exactly  betwen  the  inside  of  the  caps,  described  in  fig.  S85^ 
JO  that  it  shall  only  press  upon  the  paper  covering  the  surface  of  the  pervious 
oiinder.  The  wt&fie  of  tne  roller  A  should  be  smooth,  and  the  paper  wiH 
adhere  to  it  instead  of  the  pervious  cylinder  E,  and  be  led  round  by  it  to 
imdeigo  a  second  pressure  netween  toe  roller  a  and  the  roller  6,  which 
latter  his  a  pervious  surface,  consequently  the  paper  vrill  be  produced 
sufficiently  diy  ibr  leading  off  to  the  cutting.  It  is  well  known  by  paper- 
makers,  that,  independent  of  the  quality  of  the  materials,  the  strength, 
snvoothnets,  and  beauty  of  papers  depend  upon  the  arrangement  of  the 
fibres  of  rag  of  which  it  is  composed;  that  in  a  well-made  sheet  of  paper 
the  fibres  are  ranged  in  a  horizontal  and  parallel  direction,  and  a  manu- 
lactvrer  describing  such  a  sheet  of  paper,  would  say  that  the  stuff  was  well 
fikaif  which  quahty  all  paper  must  possess  in  a  greater  or  less  degree, 
i^ecause  otherwise  the  parts  of  the  sheet  will  scarcely  cohere  together,  the 
sarbuot  will  be  rough,  the  thickness  uneven,  and  the  paper  devoid  of 
bf^uly,  and  not  adapted  for  use.  In  the  modes  of  paper-making  exercised 
hitherto,  tins  indispensable  object  has  been  accomplished,  by  shaking  the 
mould  or  wire  on  which  the  pulp  is  settling,  so  that,  as  the  water  runs  ofl^ 
the  fibres  are  laid  flat  upon  the  surface  of  the  mould,  and  arranged  in  a 
parallel  direction ;  but  in  making  paper  by  the  machinery  above  described, 
the  stuff  is  perfectly  well  shut,  without  any  shaking,  the  fibres  of  rag  being 
deposited  gradually,  in  a  longitudinal  direction,  by  means  of  the  friction 
which  takes  place  upon  the  cylinder,  in  consequence  of  its  motion  bein^  in 
an  opposite  direction  to  that  of  the  stream  of  pulp,  the  effect  of  which  is  to 
smootn  down  the  fibres  of  rag  as  they  are  laid  upon  the  cylinder,  and  it  Is 
joccsfaiily  continued  durine  the  whole  time  of  the  formation  of  the  pa|>er, 
fmd  mvst  oe  uniform  throughout  every  part  of  it.  The  reason  of  introancing 
so  l^rge  a  quantity  of  water  into  the  pulp,  is  in  order  that  every  fibre  may 
be  fliAoat  separately,  and  at  liberty  to  take  a  direction  accofdhig  to  thf 
influimos  of  these  Goiusf^ 
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It  tt  to  U  pbMiredy  that  tliepmiciple  here  derdopedwoiiMtt^^ 
less  eligible  modificatioDs,  tuck  as  confiniag  a  body  of  the  pulp  on  the 
^ur&qe  of  an  endless  well  of  woven  wire,  carried  round  cvlxnderiy  as  in  the 
outline  section,  fig.  389,  or  supporting  it  on  a  cylinder  of  a  large  size,  as  m 
Ihe  outline  section,  fig.  390,  without  applying  the  pneumatic  pressure  in 
leither  case. 
In  fig.  389  the  cylinder  abe  should  be  hollow,  and  have  perrious  surfaces. 
In  fig.  390  the  cylinder  might  be  of  a  more  simple  construction  than  that 
described  ip.  figs.  380, 381,  382,  384,  and  385,  but  unless  of  a  very  huge 
size  indeed,  it  could  only  be  made  use  of  for  making  very  thin  papers,  be« 
cause  the  water  requires  so  loug  time  to  run  off  before  the  paper  will  admit 
(Df  an^  mechanical  pressure. 

It  is  to  be  observed,  that  in  making  paper  by  this  method,  after  a  certain 
quantity  of  fibres  of  r;ig  are  deposited  on  the  sur&ce  of  the  cylinder,  it  ren- 
iers  the  passage  of  the  water  and  the  accumulation  of  more  fibres  so  diffi- 
pult,  that  without  a  considerable  hei^t  of  pulp  the  pressure  will  not  be 
sufficient  to  force  the  water  thioueh  the  cylinder,  and  the  fibres  of  rag  laying 
upon  it,  the  consequence  of  whi(£  would  be,  that  the  fibres  of  rag  accumu- 
lated ou  the  sur&ce  of  Uie  cylinder  would  be  washed  off  by  the  pulp,  or  venr 
much  disturbed  bdbre  they  arrived  at  the  point  T,  which  is  the  level  of  the 
pulp  in  the  back ;  to  obviate  this,  it  will  be  necenary  to  add  the  pressure  of 
the  atmosphere  to  the  weight  of  the  water  in  making  thick  papers,  whidi 
#  may  be  done  by  extending  one  side  of  the  trough  V  below  the  level  of  the 
pulp,  so  as  to  cause  a  suction  under  that  part  of  the  cylinder  whtdi  is 
covered  by  the  pulp,  as  well  as  under  that  part  which  has  emerged  from  it 
{"or  this  purpose  a  wider  trough  would  be  necessary ;  but  at  all  events  the 
exact  proportion  of  the  cylinder,  covered  by  the  trough,  is  not  material,  be- 
cause It  will  be  found  by  experience  what  width  is  sufficient  for  drying  the 
paper,  so  as  to  enable  it  to  nave  the  pressure  of  the  roller  a.    The  roller  a 
ought  to  press  on  the  cylinder  R  about  the  point  which  is  ovei  one  side  qf 
the  trouffh  V,  and,  according  as  the  trough  is  shifted,  the  roller  should  be 
shifted  also ;  but  this  pressure  ought  to  be  not  less  than  forty-five  degrees 
above  the  level  of  the  axis,  because,  otherwise,  part  of  the  water  pressed 
out  of  the  paper  will  be  absorbed  by  it  again,  whereas,  from  the  position  It 
;u:ts  in,  in  the  drawing,  fig.  387,  the  water  will  be  sucked  into  tne  trough. 
The  roller  a  should  not  be  fixed  in  bearings,  but  confined  down  upon  the 
cylinder  by  weights,  suspended  upon  each  end  of  the  axis,  which  may  be 
adjusted  according  to  circumstances,  and  in  all  cases  the  principal  pressure 
should  be  upon  the  roller  b.    The  water  which  runs  through  the  cylmder  in 
figs.  387  and  388,  and  out  at  the  end,  foils  in  the  first  instance  into  the  cis- 
tern C,  from  whence  it  passes  through  the  pipe  d  into  the  cistern  «,  and 
from  thence  is,  by  means  of  a  pair  of  double-acting  pumps,//,  forced  through 
the  pipe  K  into  the  vessel  L,  so  that  it  continually  returns  for  the  same  purpose 
of  conducting  the  pulp  to  the  cylinder  from  the  pipe  J.    The  pipe  Q  is  a  sort 
of  ganee,  by  me^ns  of  which,  after  the  pulp  rises  to  a  proper  Height  in  the 
vessel  L,  the  remainder  of  the  water  is  carried  off  into  the  cjstem  C,  where 
there  may  be  a  waste  pipe  for  conveying  off  the  superfluous  quantity.    The 
water  drawu  from  the  pylinder  R,  through  the  trough  V,  by  means  of  the 
^ir  and  water  pumps  X  X,  may  run  to  waste.    The  size  of  the  cylinder  R, 
and  of  the  trough  v,  must  be  regulated  according  to  the  substance  and  di- 
mensions of  the  paper  it  is  intended  for  making.    Fifteen  inches  will  be 
sufficient  for  the  diameter  of  a  cylinder  intended  for  making  paper  equal  in 
substance  to  a  paper  twenty-two  inches  by  seventeen  inches  and  a  half, 
weighing  twenty  pounds  per  ream :  the  length  of  the  cylinder  is  entirely 
arbitrary.    The  thickness  of  the  paper  made  by  a  cylinder  may  be  adjusted 
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IB  ¥8110113  ways  :  first,  by  luing  cyliiidera  of  Tvioua  diameters ;  secondly,  by 
accelerating  or  retaltliag  the  motion  of  the  cyhnder ;  thiidly,  by  varring  the 
proportion  of  the  surmce  of  the  cylinder,  which  is  covered  with  pulp; 
Jburthly,  by  varying  the  consistency  of  the  pulp.  The  peiipheiy  of  the  cylin- 
der ought  to  move  at  the  rate  of  about  thirty-six  feet  per  minute ;  the  pulp 
.ought  at  all  events  to  be  very  thin,  and  therefore  the  most  eligible  mode 
of  adjusting  the  fhichness  of  the  paper  would  be  by  varying  \he  pro- 
portion of  me  sur&ce  of  the  cylinder,  which  is  covered  witli  pulp ;  conse- 
quently for  thicker  papers  a  larger  cylinder  would  be  necessary,  or  a  back 
may  be  made  use  of,  extending  higher  up  towards  the  point  Z,  so  as  to  covet 
a  larger  proportion  of  the  sur&ce  of  the  same  cylinder :  and  for  thinner  pa- 
per a  bade  might  be' made  use  of  covering  less  of  the  cylinder,  as  in  fig.  390, 
ty  means  of  the  cock  in  pipe  J .  The  quantity  of  pulp  supplied  to  the  cylin- 
der can  be  adjusted  with  the  greatest  accuracy,  consequently  the  thiclqaesa 
of  the  paper  may  be  preserved  uniform,  or  vaned  at  discretion,  provided  the 
thickness  of  the  pulp  in  the  chest  A,  and  the  motion  of  the  cylinder  R  be 
continued  uniform.  By  means  of  the  ^auge  pi|)e9  Q  the  level  of  the  pulp  in 
the  back  P  can  be  varied  tiU  the  most  ehgible  point  for  the  cylinder  to  emerge 
from  the  pnlp  is  ascertained,  and  the  supply  of  water  through  the  pipe  r 
must  be  aajusted  accordingly.  It  may  be  laid  down  as  a  general  rule,  tliat 
the  thicker  the  paper  the  higher  should  be  the  level  of  the  pulp  in  the  back. 
In  order  to  close  the  trough  V  tight  upoii  the  cylinder  R,  the  patentee  pro- 
poses packing  it  all  round  the  top,  where  it  comes  in  contact  withinside  off 
the  cy  under,  as  at  the  points  nn,  in  the  section  fig.  380. 

The  mode  of  packing  is  so  well  known,  that  it  is  unnecessary  to  give  any 
description,  except  the  representation  in  the  drawing.  The  friction  of  the 
oack  P  upon  the  cylinder  may  be  taken  off  by  strips  of  woollen  cloth  or 
leather,  particularly  at  the  line  across  from  the  point  S. 

Figs.  391  and  392  are  for  the  purpose  of  explaining  a  more  simple  mode 
x>f  construction.  A  is  a  hollow  cylinder,  with  a  pervious  surface,  wnich  may 
be  used  in  cases  when  the  pneumatic  pressure  is  not  applied ;  aaais  the 
thread  of  a  screw ;  b  bb  represent  cross-bars,  carried  across  the  internal 
snrfoce,  parallel  with  the  axis.  The  best  mode  of  constructing  it  will  be  to 
cast  a  cylinder  with  the  bars  in  the  inside,  and  to  cut  the  screw  deep  enough  ' 
to  form  an  opening  between  every  bar.  It  should  be  furnished  with  cross 
wires,  e  €c,  and  covered  with  wove  wire,  in  the  same  way  as  the  cylinder 
R.  It  might  be  made  on  a  larger  or  smaller  scald  according  to  the  purpose 
for  which  it  is  required.  The  roller  by  in  figs.  387  and  388,  may  be  made 
in  this  manner,  but  stronger,  as  a  great  degree  of  pressure  is  intended  to 
take  place  upon  it. 

Wben  the  machinery  is  to  work,  the  agitator  and  pumps  should  be  set  in 
motion  -,  first  by  turning  the  shaft  K,  and  then  the  cylinder  R,  by  means  of 
the  cog-wheel  r,  which  gives  motion  to  the  rollers  a  and  6,  by  cog-wheels  a 
and  r.  The  mode  of  giving  motion,  and  the  situation  of  the  pumps  and 
Muff^hest,  may  be  arranged  according  to  convenience,  but  the  motiox\ 
Plight  to  be  perfectly  reguhr. 


COTTON  MANUFACTURE. 

Cotton  is  a  fibrous  vegetable  substance,  the  produce  of  a 
email  tree  called  the  gossTOium,  or  cotton  plant;,  which  grows 
naturally,  and  is  much  cultivated,  in  the  tropical  regpons  of 
Ai^  Africa,  and  America. 

The  cotton,  when  collected  from  the  pod,  contains  the  seed, 
and  pieces  of  the  husk  by  which  it  was  enveloped  is  attached 
to  it }  it  has  therefore,  preparatory  to  being  subjected  to  the 
opefaitiott  of  spinning,  to  undergo  a  process  that  will  dinwt  it 
of  these  superfluous  parts.  The  ancient  mode  of  eftctln^ 
this  was  by  what  is  termed  bowing  it ;  that  is,  exposing  it  to 
the  action  of  a  bow,  about  four  feet  long,  such  as  is  ua^  at 
the  present  day  by  hatters.  The  process  consisted  merely  in 
placing  the  cotton  upon  a  square  table  with  horiEontal  chinks 
cut  through  it,  and  submitting  it  to  the  repeated  action  of  the 
bow  until  the  dust,  seeds,  and  superfluous  parts  had  separated 
and  fallen  through  the  chinks*  This  inconvenient  and  desul* 
tory  mode  has  in  modem  times  been  superseded  by  a  fiur  more 
eflfectual  and  expeditious  one,  by  the  application  of  a  machine 
called  a  gin.  Gins  are  of  two  kinds,  the  one  called  the  roUer- 
gin ;  the  other  the  saw-g^n. 

The  rolkr-gm  is  represented  in  fif^,  399.  It  eonsista  of  two  shallow  flated 
ivUers  a  and  b,  placed  so  near  to  each  other,  that  when  the  cotton  is  thrust 
9gainst  the  line  where  they  enter  into  contact,  they  immediately  seize  hold  of 
it  and  draw  it  in  between  them,  while  the  seeds  and  other  particles,  not 
being  able  to  pass  through,  {all  into  the  bOK  K,  and  are,  b^  the  slanting  di* 
rection  of  its  bottom,  delivered  on  one  side.  The  motion  is  communicated 
hjr  means  of  the  treadle  and  crank  C  D,  and  is  equalized  by  the  fly-wheel 
E.  The  cotton  is  presented  to  the  rollers  over  the  board  /  ^,  and  is  drawn 
between  them,  and  delivered  at  I  H.  In  South  America  this  kind  of  gin 
is  mucli  used,  and  a  negro  working  with  one  of  them  can  clean  from  80  lbs. 
to  40  lbs.  weight  of  cotton  per  day,  which,  however,  is  considered  heavy 
work. 

The  iaw-gin  is  given  in  section  in  fig.  400.  The  cotton  is  thrown  into  tlie 
receptacle  A  B,  on  that  side  marked  C  D,  which  is  formed  of  strong  wires 

f  laced  parallel  to  each  other,  to  admit  the  circular  saws  E,  fixed  on  me  axis 
',  behind  the  grating,  about  an  eighth  of  an  inch  apart,  to  pass  between 
them.  By  this  means,  the  teeth  of  tlM  saws  seize  hold  of  liie  cotton  and  draw 
it  through  the  bars ;  and  the  seeds  and  other  superfluous  parts,  being  too 
bulky  to  1^%  through,  remain  behind,  and  eventually  fall  through  the  aper- 
ture G.  The  cotton  is  brushed  from  the  saws  by  a  circular  brush  H,  made 
to  revolve  rapidly  on  its  axis.  The  motion  is  communicated  by  manual  or 
any  other  power  applied  to  the  axis  F,  upon  one  end  of  which  is  the  wheel 
K,  acting  m  the  pinion  M,  fixed  to  one  end  of  the  axis  of  the  brush. 

The  application  of  the  power  of  horses  to  either  the  roller, 
or  saw-^n,  would  greatly  aid  the  process,  which,  as  we  be- 
fore have  stated,  is  considered  heavy  work  for  the  negroes. 
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Mid  on  that  aecount  ia  much  sivoided.  An  oljection  has  been 
•tatted  to  the  applying  of  this  power,  under  a  supposition, 
that  the  animal  by  changing  his  speed  would  mjure  the  cotton ; 
it  is  almost  superfluous  to  add  that  many  simple  oontrivauces 
may  be  adapted  to  equalize  the  motion,  and  prerent  thesfe 
jdreaded  effects. 

When  the  cotton  has  undergone  either  of  these  proceaseB, 
It  is  padced,  and  exported  to  tixe  European  markets. 

When  it  arrives  in  this  country,  it  is  again  submitted  to  Hap 
notion  of  machinery  for  the  further  separation  of  the  extra- 
neons  matter,  unless  it  is  to  be  spun  into  coarse  yam,  when 
the  preceding  process  is  considered  sufficient. 

The  fifst  machine  that  we  shall  deBcribe  as  used  in  this  oountiy  for  the  fur- 
ther cleariog  of  the  particles  is  called  a  picker,  and  is  represented  in  fig.  993. 
A  and  B  are  two  rollers,  having  an  endless-cloth,  C  D,  stretched  over  them. 
This  cloth  is  called  the  feeding-cloth,  and  its  upper  surface  is,  by  the  revolu- 
tkm  of  the  rollers,  always  carried  towards  D.  £  and  F  ore  two  fluted  rollers, 
vrhich  nearly  touch  each  other,  and  revolve,  so  that  their  touching  sur^ces 
pass  towards  G  H.  G  H  I  K  are  cylinders,  covered  on  their  outer  surfaces 
with  long  hhint  pins,  making  about  250  revolutions,  in  the  direction  of  the 
letters,  per  minute.  L  L  is  a  grating  of  wires  for  the  seeds  to  fall  throngh, 
when  tiie  cotton  carried  by  the  feedingndoth  is  delivered  by  the  small  rollers 
upon  the  face  of  G  H.  By  the  rapid  revolution  of  G  H,  the  cotton  is  thrown 
against  the  top  O  P,  and  is  earned  forward  and  delivered  upon  the  cylinder 
I  K,  which  in  like  manner  carries  it  rapidly  round,  draws  it  over  die  grating, 
^cud  delivers  it  back  upon  the  lower  face  of  G  H,  which  after  having  drawn 
it  over  the  remainder  of  the  grating,  and  divested  it  of  the  remainder  of  the 
seeds  and  particles  of  dost,  deposits  it  in  the  box  R  R. 

This  machine  is  liable  to  injure  the  staple  of  the  cotton,  and  is  therefore 
superseded  by  another  called  a  batter,  represented  in  fig.  401.  In  this  ma^ 
chme,  the  feeding-cloth  upon  the  rollers  A  and  B  carries  forward  the  ootton 
to  the  roUers  c  and  dy  which  deliver  it  upon  the  curved  rack  or  grating  d  e, 
while  a  sootcher,  g  h,  revolving  rapidly  upon  its  axis,  strikes  the  cotton  with 
its  two  edges  g  and  h,  and  divides  it ;  at  the  same  time  a  draught  of  air^ 
created  by  the  revolution  of  the  fan  I,  blows  the  cotton  forward  over  the 
grating  K  K,  divests  it  of  the  superfluous  parts,  and  ultimately  deposits 
it  hi  a   box  at  the  end. 

The  cotton  is  now  considered  in  a  state  fit  for  the  operation 
of  spinning;  which  is  differently  performed  according  to  the 
purposes  to  which  the  yam  is  to  be  applied.  The  different 
sorts  of  spinning  may  be  classed  under  the  respective  heads  of 
Jenny,  mule,  and  water  spinning. 

MuU'Spinning^  which  is  by  rar  the  most  perfect  process^ 
and  by  which  the  finest  yam  is  produced,  sludl  first  have  our 
mtleotion. 

Jn  this  process,  when  the  finest  yam  Is  to  be  produced,  the 
cotton,  instead  of  being  submitted  to  the  operation  of  either 
#f  the  machines  before  described,  is  ckansed  ^ytirely  by  the 
bwd,    Th«  Mode  (rf  eilecting  t)us  is,  by  spreftding  the  cotton 
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upon  a  strong  netting  of  cords  stretched  on  a  frame,  and  beat*- 
ing  it  with  osier  wands  till  divested  of  its  impurities.  It  then 
undergoes  the  elementary  operations  of  carding,  drawing, 
stretching  and  plying,  and  twisting ;  the  whole  of  which  are 
essential  in  the  manufacture  of  mule  yam. 

Carding  is  performed  by  two  kinds  of  engines,  one  of  which, 
called  the  breaker,  operates  upon  the  cotton  preparatory  to  its 
being  submitted  to  the  operation  of  the  other,  called  the 
finisher. 

A  card  is  a  kind  of  brush,  fonned  by  making  wires  into  the  Ibrm  of 
staples,  as  represented  in  fig.  394.  The  two  legs  of  the  staples  are  placed 
through  holes  in  a  flexible  piece  of  leather,  and  present  to  tne  side  view  a 
form  similar  to  that  shown  in  the  figure,  where  A  B  is  the  leather,  and  C  D 
the  wires  forced  through  it.  Cards  are^  formed  in  two  ways ;  the  one  called 
^^t-card,  is  made  about  four  inches  wide,  and  18  incues  long,  or  of  a 
length  corresponding  with  the  width  of  the  main  cylinder,  which  they  have 
to  cover ;  the  other,  called  fillet^card,  is  made  in  one  continuous  band  or 
fillet,  and  is  ueied  for  covering  the  dofler  cylinder.  The  teeth  of  the  hlietrcaid 
are  placed  pointing  in  the  direction  of  the  length  of  the  fillet,  and  completely 
cover  the  cylinder  to  which  they  are  applied ;  whereas  in  sheet- cards  a  space 
is  left  between  every  sheet,  as  may  be  seen  on  the  main  cylinder,  fig.  395. 

Fig.  395  represents'  a  sectional  view  of  the  immediate  working  parts  4>f  a 
breaker  carding^ngine.  A  is  the  main  cylinder,  covered  with  sheet-cards ; 
B  the  differ  eyUnder,  covered  with  filletrcard ;  C  C  C  are  the  tops ;  e  ^  is  the 
feeding-doth  supplied  with  cotton,  which  has  been  previously  weighed, 
moving  forward  over  the  roller,/,  by  means  of  the  roller  g^  and  delifering 
the  cotton  between  the  feeding-^roUers  H  H,  which  carry  it  to  the  main  cy. 
Under.  The  main  cylinder  revolves  rapidly  in  the  direction  of  the  dart,  and 
carries  the  cotton  upward  between  itself  and  the  tops,  which  are  covered 
with  sheet-cards,  about  \%  inches  to  2  inches  wide,  so  that  they  may,  as 
nearly  as  possible,  follow  the  curve  of  the  main  cylinder.  I  is  the  lapping, 
cylinder,  having  a  wooden  roller  I',  laying  upon  its  upper  surfoce ;  andK 
is  the  dofier  or  taker-off,  having  affixed  to  it  the  steel  comb  called  the 
doffing-plate. 

Thedoffing-plate  may  be  seen  more  at  large  in  fig.  396,  which  represents 
a  firont  view  or  the  dofier  cylinder  on  a  larger  scale.  On  inspecting  this 
figure,  it  will  be  seen,  that  the  doffingrplate  L  L,  whose  lower  edge  is 
formed  like  a  comb,  is  fastened  across  the  whole  of  the  dofier  cylinder,  and 
is  supported  by  the  two  uprights  m  m,  fiistened  on  two  cranks  on  the  shaft 
«*  n*.  The  upper  parts  of  these  uprights,  m  m,  are  fastened  to  corresponding 
cranks  at  n  n,  so  that  tlie  doffing-plate,  by  the  revolution  of  the  shaft,  is 
made  to  move  downwards  while  in  contact  witli  the  doifer  cylinder,  and  up- 
wards while  away  itom  it.  The  cotton  is  taken  in  by  the 'feeding  rollers, 
and  is  carried  up  by  the  main  cylinder  and  passed  between  it  and  the  tops 
or  fiats,  whose  teeth  lie  in  an  opposite  direction  to  those  of  the  mam 

Sounder,  and  by  whose  united  action  the  cotton  is  combed,  divided,  and 
caused,  and  its  fibres  placed  in  a  direction  more  parallel  to  each  other. 

The  main  cylinder^  by  its  revolving  motion^  is  soon  covered 
with  cotton^  and  is  divested  of  it  by  the  doffer  cylinder,  which 
is  placed  so  as  nearly  to  touch  it,  and  which  moves  at  a  much 
slower  speed,  in  the  direction  of  the  dart.  The  effect  of  thiB 
€Dgiue  would  therefore  be  to  distribute  the  cotton  equally  over 
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the  Uiaiil  cylinder,  the  top  cards,  and  the  doffer  cylinder ;  but 
the  dofiBng-plate,  by  the  action  already  described,  is  continually 
clearing  the  doffer  cylinder ;  whose  points  are  consequently 
left  bare  to  receive  a  fresh  supply  from  the  main  cylinder. 
The  doffing-plate  continually  strips  the  doffer  cylinder  of  the 
carded  cotton,  which  it  delivers  upon  the  lapping  cylinder  ux 
one  continuous  web  of  about  18  inches  wide,  which  is  the  usual 
width  of  the  engines  for  fine  work. 

When  the  top  cards  are  covered  with  cotton,  an  attendant 
is  appointed  to  take  them  off  and  to  divest  them  of  the  cotton 
by  means  of  a  card  nailed  on  a  board,  which  he  carries  in  his 
hand  for  that  purpose. 

The  quantity  of  work  delivered  to  the  engine  is  ruled  by  the 
speed  of  the  cylinders  and  quality  of  the  cotton.  When  it  has 
passed  through  the  engine,  and  is  wound  upon  the  lapping 
cylinder,  (which  is  so  adjusted  as  to  contain  about  20*  laps,) 
the  attendant  lifts  up  the  roller  P,  makes  a  division  in  the 
circular  web,  and  takes  it  off  the  roller. 

In  this  operation  we  are  presented  with  the  first  act  of  ply- 
ing or  doubling,  which  is  introduced  in  the  process  of  spin- 
ning in  order  to  obtaui  equality  in  the  strength  and  thicknessi 
of  the  yam. 

The  cotton  is  in  this  state  called  a  kp,  and  is  immediately  taken  to  a 
fintsber-engine,  which,  in  general,  is  disposed  back  to  front,  immediately  after 
the  breaker-engine,  as  may  be  seen  in  iig.  397.  The  construction  of  the 
finisher-eneine  is  exactly  similar  to  that  of  the  breaker-engiae,  except  that 
instead  of  having  a  lapping  cylinder,  the  cotton,  when  it  leaves  the  doffer,  is 
drawn  through  a  mouth-piece,  R,  formed  like  the  end  of  a  trumpet,  by  means 
of  the  rollers  «  and  t,  and  is  delivered  into  the  can  W.  The  rollers  «  and  t 
may  be  seen  in  section  in  this  figure,  and  in  a  front  view  in  fig.  396.  Pre- 
viously, however,  to  leaving  this  process,  we  shall  make  a  few  remarks,  as 
it  is,  with  much  propriety,  considered  the  very  foundation  of  all  good 
spinning. 

The  breaker-engine  for  spinning  fine  cotton  is  generally 
covered  witli  cards  of  a  fineness  that  will  admit  225  teeth^  or 
450  points,  in  a  square  inch  ;  and  the  finisher  275^  or  660* 
But  spinners  are  much  divided  on  this  subject,  and  in  some 
milk  the  same  work  is  performed  with  cards  one-fifth  coarser 
than  it  is  in  others.  The  top  cards  are  in  general  one-tenth 
coarser,  and  those  of  the  doffer  cylinder  one-tenth  finer,  than 
those  on  the  main  cylinder :  and  in  some  manufactories,  at  the 
back  part  of  the  engines,  where  the  cotton  first  arrives,  coarser 
top  cards  have  been  introduced,  with  a  view  of  divesting  the 
cx>tton  of  the  largest  particles  of  extraneous  matter,  and  in 
some  instances  have  been  again  laid  aside  as  superfluous. 
Cards  must  be  set  easy  in  the  leather,  which  should  be  this 
and    strong.    The  card-engine  is  driven  by  a  strap  passing 
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from  a  drum  over  a  bat  and  loose  pulley,  fixed  oti  the  riiall 
of  the  main  cylinder.  The  hat  and  loose  puUev  is  represented 
in  fig.  65  ;  and  its  utility  has  been  expLedned  in  the  aitiete 

MiLL-GBERING. 

To  return  to  the  manu&cttirey  the  cotton,  "which  is  now  in  the  can  from 
the  card-engines,  in  the  form  ot  a  sliver,  is  next  submitted  to  the  procen  of 
drawing,  represented  in  fig.  398.  In  this  process  three  or  four  (»rd-eiid9 
are  brought  in  tin  cans,  and  passed  between  the  rollers  A  B  and  C  D,  which 
re?olTe  with  different  velocities ;  that  is,  the  rollers  C  and  D  revolve  much 
quicker  than  A  and  B,  and  the  top  rollers  A  and  C  are  made  to  press  uport 
B  and  D  by  means  of  the  weight  e.  Now,  supposin|  four  slivers  be  placed 
together^  and  passed  through  the  roUera  A  B  and  C  D,  and  that  CD  revolve 
ao  mudi  quicker  than  A  B,  that  the  sliver  will  beoome  four  limes  its  original 
length,  the  cotton  will,  by  such  elongation,  be  reduced  in  thickness  three' 
iburths,  that  is,  to  the  same  thickness  of  a  single  sliver  when  first  brought  to' 
the  rollers.  By  this  process  the  fibres  of  the  cotton  are  laid  more  parallel 
to  each  other,  in  the  direetion  of  the  length  of  the  sliver,  and  the  operation 
is  repeated,  by  plying  the  slivers  which  have  passed  tlie  rollers,  and  passing 
them  through  a  simiUir  set.  The  sliver,  when  thus  plied  and  reduced,  is 
drawn  through  the  mouth-piece  G^  by  the  rollers  £  and  F,  and  delivered 
into  another  can. 

After  the  cotton  has  been  plied  and  drawn  as  many  times 
as  the  spinner,  from  the  quality  of  the  cotton,  and  the  intended 
quality  of  the  yarn,  considers  necessary,  it  is  carried  to  thef 
roving-frame. 

The  rovmg'frame,  which  is  much  used  in  mills  where  mule-spinning  is 
carried  on,  is  represented  in  fig.  402,  and  is  termed  the  can  TO^tng-fram&. 
A  B,  two  rollers,  moving  at  a  slower  speed  than  C  D ;  A  and  C  are  pressed 
upon  the  rollers  B  and  D  by  the  weight  £,  as  may  be  seen  in  a  front  view^ 
fig.  402,  and  section,  fig.  403.  Tlie  cans  (fig.  402)  are  represented,  the  one 
shut,  and  the  other  open ;  the  latter  opens  by  means  of  hinges,  after  raising 
the  ring^.  The  cans  are  capable  of  revolving  upon  their  spindles  k  A,  and 
are  supported  in  an  upright  position  by  the  collars  1 1,  and  have  at  their 
Bpper  extremities  fiinnel-shaped  pieces,  k  A. 

if  two  slivers  of  cotton  are  btought  from  the  drawmg^frame,^  and  passed 
between  the  rollers  A  B  and  C  D,  uie  processes  of  plying  and  drawing  will 
again  take  place ;  and  the  rollers  C  D  will  feed  the  end  thus  formed  into  the 
can  throQgn  the  mouth-piece  at  ik,  which,  by  revolving  rapidly  upon  its 
axis,  will  impart  to  the  end,  or  sliver,  a  slight  degree  of  twist.  When  ^ 
eao  is  fiUed,  the  rollers  are  thrown  out  of  geer,  and  the  motion  ceases ;  the 
jCan  is  then  opened,  and  the  cotton,  or  as  if  is  now  called,  the  roving,  ia 
taken  out  and  wound  upon  a  bobbin,  and  in  that  state  is  carried  to  a  maimiiis 
called  a  stretcher. 

Some  objections  exist  agidnst  this  species  of  roving ;  firaty 
from  the  necessity  of  taking  the  roving  out  of  the  can  for  the 
purpose  of  winding  it  upon  a  bobbin,  during  whidi  it  is  Inble 
to  sustain  much  damage  from  the  fibres  being  in  a  very  slight 
state  of  adhesbn ;  and  secondly,  from  the  roving  recei^ng  its 
twist  solely  from  the  revolution  of  the  caa  in  whkdi  it  resta^ 
and  by  which  the  twist  is  not  equally  diffnsed  over  the  wiMite 
kngth  of  the  xovuig«    Hie  JBxst  objection  was  atttrnpted  t» 


be  obviated^  by  placing  the  can  in  a  fiame,  and  drawing  the 
TOTing  oat  through  the  mduth«-piece  at  which  it  entered ;  and 
a  remedy  for  the  second  was  somewhat  unsaccesafally  at« 
tempted  by  Mr,  Arkwright,  who  tried  to  introduce  a  pair  of 
rollers  upon  the  top  of  the  roving-can,  to  seize  hold  and  feed 
the  roving  into  the  can  as  fiist  as  it  was  received  from  the 
dvawing-rcAers*  This,  undoubtedly,  would  have  perfectly 
equalised  the  twist  throughout ;  but  the  machinery  necessary 
to  produce  the  double  rotatory  motion  was  found  to  be  incoU'^ 
venieut,  and  the  plan  was  in  consequence  abandoned.' 

A  rtrring-frattie  of  a  different  construction,  -which  obviates  the  preeedinf^ 
€l»J«ctioiMl,  m4  wfakh,  in  coofiecjuence)  has  rectiived  more  general  adoption^ 
IB  represented  in  Bz.  404 ;  it  n  oaUed  the  bobbin  and  Jlier  roving-fiwne^ 
The  rollers  for  stfetoujig  ere  similar  to  those  before  described ;  and  the  plied 
and  driiwn  roving  is  represented  as  coining  from  the  rollers  at  A,  whence  it 
passes  through  an  eye  at  C.  over  the  top  of  the  spindle  B.  and  down  one  of 
the  )egs  of  the  ilier  B  B,  wnich  is  ibr  that  purpose  formed  tubular.  By  the 
reTohxtioa  of  the  epindle  D,  generated  by  a  strap  acting  upon  the  pulley  F, 
llie  fliers  a^e  carried  swiftly  round,  and  twist  and  deliver  the  thrrad  upon 
the  bobbin  £^  which  is  moved  upwards  upon  the  spindle  by  raising  the 
board  G  G,  upon  which  it  rests,  descending  again  as  tne  board  descenos. 

Hie  roving  is,  by  this  means,  slightly  twisted  and  wound  upon  a  bobbin^ 
in  a  fit  state  lo  be  immediately  carried  to  the  stretching'firame,  which,  being 
tery  similar  in  its  construction  to  the  mule,  we  consider  it  necessary  only  to 

S've  a  side  view  of  one  of  the  spindles  of  a  mule,  shown  in  fig.  405.  A  is 
e  place  where  the  bobbin  from  the  rovrng-frame  (not  shown  in  this  figure) 
would  hate  been  situate :  and  c  e  c  are  three  pairs  of  rollers,  revolving  at 
dififetent  speeds,  for  the  ferther  drawing  of  the  roviiag.  "fhe  roving,  when  it 
has  been  thus  drawn,  is  breeght  to  the  spindle  B,  which  is  formed  of 
polished  steel,  ground  slightly  tapering  to  the  end,  which  is  a  round  btuat 
point.  The  spindle  receives  its  motion  at  the  pulley  D,  by  means  of  a  band 
passing  round  a  drum  in  the  box  £  £  !E ;  which  drum  has  bands  passing 
m  the  same  manner  to  several  other  spindles.  When  the  motion  com- 
mences, the  carriage  £  ££  passes  backwards  to  the  position  shown  by  the 
dotted  lines,  and  eanries  wim  it  the  spindles  to  the  position  B' ;  during 
which  the  spindle  revolves  rapidlv  on  its  axis,  and  gives  a  certain  degree  M 
twist  to  the  roving,  which  already  has  undergone  a  reductiou  in  diameter 
by  passing  through  the  rolleis  C  C  C.  The  extent  to  which  the  frame  re- 
cedes is  about  three  vards,  and  when  tlie  spindles  have  given  the  reouisite' 
degiee  of  twist  to  tie  yam,  it  retums  to  its  former  place;  while  the  at*, 
tendeot,  by  moving  the  bar  H  upon  its  axis,  presses  the  yam  downwards, 
hr  means  of  a  piece  of  wire  K,  which  causes  it  to  be  wound  upon  the  spiib- 
dies,  so  as  to  form  a  figure  that  may  be  represented  by  two  cones,  one 
having  a  more  acute  angle  than  the  other,  placed  base,  to  base,  as  shown  at 
A,  B,  and  B^.  This  form  is  termed  a  cop,  and  the  act  of  so  distributing 
the  yam,  by  the  movement  of  H  K,  the  building  of  the  cop. 

It  may  here  be  observed^  that  although  this  is  called  the 
etretching-frame^  the  yarn  is  not  stretched,  but  merely  under* 
goee  a  further  process  of  drawing  and  spinnings  and  that  the 
stretclnng  is  not  performed  till  in  the  next  o^enttionj,  which 
is  performed  iq)on  the  mule^  and  termed  spinnmg. 
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The  yvrh,  delivered  from  the  stretching-frame  in  the  form' 
of  a  cop,  is  taken  to  the  mule,  which  is,  though  much  lighter^ 
both  in  the  form  and  action  of  the  parts,  verf  similar  to  the 
stretching-frame.  The  spindles  also  are  of  a  smaller  size, 
and  are  situated  nearer  to  each  other. 

The  mule  spinnir^-frame  differs  from  that  of  the  stretching- 
frame  insomucli  as  the  act  of  stretchiui;  is  added  to  the  other 
operations  ;  for  when  the  frame  £  £  £  has  receded  a  certain 
distance,  generally  about  one  yard,  the  rollers  C  C  C  cease  to 
more,  and  the  frame  still  contuiuing  to  recede,  stretches  the 
yarn.  During  this  process,  the  spindles  on  the  frame  £  £  E . 
move  considerably  quicker,  in  order  to  save  time*  The 
stretching  is  performed  with  a  view  to  elongate  and  reduce 
those  places  in  the  yarn  which  have  a  greater  diameter,  and 
are  less  twisted  than  the  other  parts,  so  that  the  size  and 
twist  of  the  yam  may  be  more  uniform  throughout.  When 
the  cops  are  full,  they  are  taken  from  the  moving  spindles, 
and  placed  on  stationary  parts  of  oilier  mules,  as  at  A,  and 
the  yam  is  again  submitted  to  the  same  process,  irntU  it  is 
reduced  and  spun  to  the  proper  fineness,  both  as  respects  the 
diameter  and  the  twist ;  during  the  whole  of  which  process, 
the  yarn  can  be  continually  joined,  so  that  the  cops,  which 
are  in  separate  pieces,  can  be  added  to  each  other  in  parts,  or 
otherwise,  as  the  continual  elongation  of  the  3rarn  in  the 
course  of  the  different  operations  of  each  mule  may  require. 
The  pieces  are  joined  by  children,  called  piecers^  who  are  in 
attendance  on  each  mule,  to  join  any  yam  that  maybe  brokenr 
in  the  act  of  stretching  or  twisting. 

The  drums,  which  drive  the  spindles  in  those  parts  of  the 
mule  that  recede,  receive  their  motions  from  bands  com* 
municatiug  with  the  moving  power ;  but  the  advancement 
and  recession  of  the  carriage,  for  the  purposes  of  receiving 
and  stretching  the  yam,  as  before  described,  is  performed  by 
means  of  a  wheel  moved  by  hand-labour.  A  spinner  is  enabled 
by  experience  to  judge  of  and  regulate  both  these  operations,^ 
as  also  the  building  of  the  cop,  which  is  a  matter  of  venr 
great  nicety ;  for  if  the  cop  is  not  well  built,  the  yarn  wilt 
not  run  off  even  when  it  is  to  be  used.  The  number  of  spin- 
dles on  a  mule  amount  frequently  to  300.  The  yarn  produced 
by  mule-spinning,  Seing  by  far  the  most  perfect,  is  employed 
in  the  fabrication  of  the  finest  articles,  such  as  lace  and 
hosiery ;  and  when  it  is  twisted  in  two,  four,  or  six  plies,  is 
used  for  sewing-thread. 

Jenny-spinning  is  of  earlier  date,  and  a  much  less  perfect 
process  than  mme-spinning ;  consequently  !t  is  but  little 
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tMbd,  extept  in  the  manufiicture  of  yarn  for  coarse  goods.  In 
this  iq>inniiig,  the  cotton,  after  having  been  cleansed  by  some 
of  the  proceeaes  abready  described,  is,  preparatory  to  being 
exposed  to  the  action  of  the  jenny,  immersed  in  a  solution  of 
soap  and  water,  to  divest  it  of  the  glutinous  matter  generally 
found  on  the  surface  of  this  and  o&er  vegetable  6bres  ^  it  is 
then,  after-  the  soap  and  water  has  been  pressed  from  i^t,  put 
into  a  waim  stove,  and  when  dry,  is  considered  to  be  iu  a  fit 
state  to  be  exposed  to  the  operation  of  the  carding-engine. 

The  carding-engine  used  in  jenny-spinninr  is  diiferent  in 
iti^  construction  to  the  one  before  described ;  tor  in  mule  and 
water  spinning  there  is  a  breaker  and  a  finisher  engine ;  but 
tto  engine  used  in  this  {»t)ces8  is  called  the  double-engine  j 
the  first  party  or  breaker,  is  in  the  same  frame  with  the  second 
partj  or  finisher,  and  the  doffer  from  the  first  part  delivers  the' 
cotton  upon  the  main  cylinder  of  the  secona  part,  which,  in 
like  manner,  delivers  it  upon  the  second  doffer.  The  second 
doffer,  inst^  of  being  covered  with  fillet-cards,  as  the  doffer 
of  the  single  engines,  is  covered  with  sheet-cards,  like  the 
main  cylinder,  but  being  of  smaller  dimensions,  has  generally 
only  twelve  cards  upon  ft ;  therefore  the  web  of  cotton  combed 
fipom  such  dofier  by  the  doffing-plate  is  not  in  one  continuous 
piece,  but  in  several  pieces  or  portions,  equal  to  the  quantity 
attached  to  each  sheet-card  upon  the  doffing-cylinder. 

As  the  several  small  portions  are  delivered  bv  the  comb, 
they  &U  into  the  concave  part  of  a  smooth  arc  tnat  is  equal 
to  one-third  of  a  circle.  In  this  arc  a  cylinder  of  smooth 
mahogany  slowly  revolves  in  such  direction  that  the  lower 
tnufeee  in  the  arc  passes  from  the  engine.  This  cylinder  has 
small  cavities  or  flutea  on  its  surface,  in  a  parallel  direction' 
to  itgtad»;  the  angles  on  the  projections  between  the  flutes 
ate  taken  off,  so  that  the  several  portions  of  web  which  fait 
firom  the  doffer  into  the  arc  are  seized  by  the  flutes,  and  car- 
ried forward  on  the  ooaeave  fiice  of  the  arc,  and  formed  into 
a  sliver  j  about  kdf  an  inch  m  diameter,  and  of  a  length  cor- 
resjpdnding  with  thi^  breadth  of  the  ciarding-engines,  which  is 
about  from  24  to  34  inches.  Tm  portions  thus  rolled  are 
called  rows,  roUtf^  or  rowans. 

In  this  state,'  the  cotton  may  be  considered  in  the  same 
relative  state  of  progress  as  a  card-end  in  mule  or  water 
spinning;  but  it  is  evident  that  this  mode  of  spinning  is  very 
deficient  for  the  purposes  of  fine  yam,  insomuch  as  in  the 
rowans  the  fibres  of  the  cotton  are  laid  across  the  longitudinal 
direction  in  which  they  are  to  be  spun.  So  that  the  advantage 
derived  iu  the  other  process  of  carding,  from  the  fibres  being 
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placed  in  a  firectlon  parallel  to  the  tatended  letigtli  of  the 
yani,  id  entirely  k>^.  in  this  ptOdt&B,  also,  tliie  amntage  of 
plying,  which  'We  haf  e  noticisci  let  taking  place  os  die  laf^iig 
cylinder,  is  omitted. 

When  the  rowans  are  perfected  by  the  itudkigataty  (hrlinder^ 
fliey  are  taken  up  by  children,  And  placed  upon  the  reediiq;*- 
cloth  of  a  machine  called  the  M//y,  or  rovhtg-^biify,  tte 
operation  of  which  is  called  ronng  of  fltabbing ;  biit  the  latfeef 
expression  is  now  bat  seldom  used,  except  in  the  mftnufiu^ton 
of  woollen.  This  machine  is  in  its  constraction  and  action 
rery  similar  to  the  mule,  as  is  the  feeding-doth  to  tiiat  de- 
scribed in  the  machine  called  the  pidcer  ami  batter. 

The  feeding-cloth  lays  in  a  slanting  position,  and  tbB 
itowans  are  placed  upon  it  so  that  they  can  pass  lengtixwiaiEr 
in  the  direction  of  its  action,  and  be  delivered  over  die  upper 
roller  between  two  pieces  of  board  which  possess  a  capability 
of  clasping  and  again  relierhig  themr  The  rowans  are  then 
attached  to  revolting  spindles,  which  have  im  advancing  and 
receding  motion  similar  to  the  inule  or  drawing-fnone*  By  this 
revolution  and  recession  die  spindles  pl<rform  the  operation  of 
lipinniug  and  stretching ;  and  at  such  intervals  as  die  spindle» 
are  stretching  and  twisting,  the  feedli^-clotb  stops,  and  the 
clasps  seize  hold  of  the  roving,  and  detain  it  till  sufficiendy 
spun  and  twisted,  when  it  relieves  it  in  order  to  aUow  a  fur^ 
Iher  portion  of  the  rowan  to  be  fed.  Hie  roving  ha^ng  by 
this  means  received  a  certain  degree  of  twist,  is  bmlt  on  a 
spindle  in  the  form  of  a  cop,  as  in  mule-spimih^^  and  is  tfaeifr 
C^en  to  the  machine  called  the  jenny. 
^  The  operatioi>  of  the  jenny  is  nearly  the  same  as  the  roving^ 
billy ;  the  only  materisd  dimrence  is,  that  the  oops  of  vMaag 
to  be  spun  are  fixed  upon  a  moving  carriage,  which  hai^ 
clasps  to  hold  the  roving  while  in  the  act  of  being  stretched 
and  spun  into  yam. 

Having  now  concluded  the  process  of  jemiy-spinniilg,  it 
will  be  seen,  that  drawing  and  plying,  the  two  essential  requi^ 
«tes  for  producing  fine  yarn,  by  placing  the  fibres  pairaiid  t<y 
the  lengtn  bf  die  twist,  are  wanting,  and  that  fine  yam.  In 
consequence,-  cannot  be  produced ;  but  the  fibres  in  this  pro^- 
cess  being  placed  in  a  direction  more  across  the  length  of  the 
twist,  give  to  the  yarn*  a  rich  fulness  which  renders  it  pfeftr^ 
able  for  the  weft  Of  heavy  goods,  for  which  it  is  esteemed. 
^  fFater-spinning  differa  both  from  the  mule  and  jenny  spia* 
nittg ;  but  the  carding  and  drawing  machines  are  the  same  aS' 
those  used  in  the  process  of  mule-spinning.  When  the  cottoiv 
kas  passed  thiou|^  the  carding  and  cbrawing  machinea,  it  i» 
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tufileA  io  ihit  slpuming-fauue,  wUek  k  upon  a  diffierent  prin-* 
dple  to  the  miiLe^  and,,  indeed,  is  more  closely  alUed  to  the 
bobbin  and  flier  roving^frame, 

,  Om  of  thesi  apiiidki  is  repiMexHed  in  %.  406.  A,  the  bobbin^  bronchf 
from  the  roTifig-traine;  B  C  and  £  guides  for  the  yarn  to  pass  throu^ ; 
G  G  G  three  pairs  of  rollers  to  perform  the  office  of  drawing ;  and  H  a  meri 
formed  solid,  and  having  at  the  end  of  one  arm  a  small  twist  like  a  cork-* 
screw,  through  which  the  yam  passes.  By  the  revolution  of  the  flier  the 
yam  recetres  the  requisite  degree  of  twist,  and  is  wound  upon  the  bobbioi 
tvhiob,  by  the  motsment  of  Uie  seat  1 1,  on  which  it  rests,  has  an  upward 
%nd  downward  motion,  in  order  that  the  yarn  may  be  received  upon  it  regu« 
larly.  The  guide  C  has  a  slow  reciprocating  motion  in  the  direction  of  thtf 
^es  of  the  rollers  G  G  O,  by  which  the  roving  is  moved  over  the  surfaced 
6f  the  roUerSy  so  that  the  pnits  ivetr  tmiformly. 

in  water  twist^tSpfainiDg,  the  operation  of  stretching  is  not 
introduced.  The  motion  is  transmitted  from  the  first  more^ 
to  the  drawing  and  roving  frames  bv  means  of  bevel-wheels, 
placed  on  the  end  of  the  frame.  These  wheels  communicate 
motion  to  the  rollers,  which  have  spur-wheels  upon  their 
shafts,  adapted  to  give  motion  to  each  other  by  intermediate 
wheels,  which  give  to  the  lower  rollers  motion  in  the  proper 
direction.  The  jspindles  receive  their  motion  from  bandit 
eommunicating  vtdth  the  drum  K,  represented  by  the  dotted 
lines.  This  construction  of  a  water  spinning-frame  is  called  a' 
throstle^  and  the  difference  which  characterises  it  from  that 
properly  called  the  water-frame  isy  that  the  cylinder  K  runs 
through  the  whole  length  of  the  fhtme,  and  gives  motion  tcf 
all  the  spindles  at  once ;  whereas  in  the  water-frame  the 
spindles  are  moved  by  an  upright  puUey,  communicating 
motion  to  only  one  set  of  six  spindles,  which  is  an  advantage^ 
as  the  motion  of  one  set  can  be  stopped  without  stopping  the 
motion  of  the  whole.  But  as  the  water-frame  is  rar  more 
expen^ve  than  the  other,  it  Is  a  matter  of  doubt  which  ought 
to  be  preferred; 

The  several  sorts  of  yam  have  each  their  peculiar  destina-^' 
lion.  The  yam  from  mule  and  jenny  spinning  is  taken  from 
the  frame  in  the  form  of  a  cop ;  that  from  water^twist  is 
wound  upon  a  bobbin.  The  yarn  from  water-frames  possesseitf 
much  regularity  and  strength,  and  is  mostly  used  for  the  warpis 
of  heavy  goods,  such  as  fnstians  and  strong  calicoes.  If  the 
yam  has  to  be  packed  for  the  market,  it  is  reeled  upon  a  frame 
oimfiisting  of  six  horizontal  bars  supported  on  an  axis  parallel 
to  each  other. 

This  frame  ip  represented  hi  section,  in  fig:  407<  A  A  A  A  A  A  the 
horizontal  bars ;  B  me  axis ;  and  C  the  bobbin  from  the  water-frame.  Th« 
dotted  lines  represent  the  direction  of  the  twist.  These  leels  are  of  a  saffi- 
Oieot  breadth  to  wind  off  about  50  cops,  ex  bobbins,  at  the  some  time. 

2c2 


388  TUB  OPBRATIYB  MECHANIC 

When  tfae  reel  has  made  80  levolutiomiy  a  smalt  bell  tiutt  is 
Connected  with  the  machtnery  rings,  and  warns  the  attendant 
to  stop  the  motion  of  the  red.  llie  portion  thus  woond  is 
called  a  lay,  and  seven  of  these  lays  womid  upon  the  same 
reel  constitute  a  hank,  which  is  taken  from  the  reel  by 
causing  one  of  the  horizontal  bars,  supplied  with  a  hinge,  to' 
fidl  inwards.-  The  circomference  of  the  reel  is  a  yard  and  a 
half;  consequently  the  hank  measures  840  yards.  The  size 
of  the  twist  is  expressed  by  statii^  how  many  hanks  go  to 
the  pound  weight :  thus,  the  yam  odled  N^  100  is  that  which 
takes  100  hanks  of  840  yards  each  to  weigh  an  ayoirdupois 
pound.  Yam  can  be  spun  upon  mules  as  fine  as  200  banks 
to  the  pound;  but* in  water-twist  and  jenny-spinnmg  it  seldom 
exceeds  60  or  70. 

The  plan  of  the  buildings  in  which  the  cotton-spinning 
machinery  is  placed,  is  generally  m  the  form  of  a  parallel- 
ogram, of  a  length  proportionate  to  the  extent  of  the  manu- 
facture carried  on  therem,  and  about  thirty  feet  wide.  In  the 
best  constructed  miUs,  the  carding  and  other  preparatory 
machines  are  placed  on  the  lowest  floor;  the  mules  and 
stretching,  frames  on  the  next ;  and  so  on  progressively  as 
the  machines  improve  the  fineness  of  the  yam.  The  mules, 
jennies,  and  water-firames  are  placed  with  their  Hne  of  spin-* 
dies  across  the  building ;  and  the  card-engines  have  the  axes 
of  their  cylinders  parallel  to  the  long  wall  of  the  building. 
Four  or  six  rows,  breakers  and  finishers,  are  placed  alter-* 
uatdy. 

Tie  steam-engine,  or  first  mover,  is  placed  at  one  end  of 
the  building,  and  the  motion  is  communicated  by  a  horizontid 
shaft  running  the  wholelength  of  the  building,  which  trans* 
mits  the  motion  to  vertical  shafts  with  bevel-wheels,  which 
wheels  transmit  the  motion  to  horizontal  shafts  in  the  uppet 
floors. 


WOOL  manufacture: 

This  well-known  staple  is  in  the  process  of  the  manufao- 
ture  divided  into  two  distinct  classes,  long  wool,  or  wonted 
spinning  ;  and  short  wool,  or  tiie  spinning  of  woollen  yam. 

ON  WORSTED   SPINNING. 

Havino  by  tneans  of  machinerjr  accomplished  the  fbnna- 
tioB  of  a  thread  of  cotton,  the  application  of  the  principle  to 
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other  fibres  would  natnraUy  foUow ;  and  although  :8oine  dtflU 
culty  might  be  expected  to  occur  in  adapting  the  roUecs  to 
•different  staples^  yet  this  waa  soon  overcome.  The  methods 
of  forming  threads  from  long  wool  and  from  &BiXy  by  fthe 
hand,  were  very  diflferent,  yet  each  was  spun  from  the  middle^ 
not  from  the  end,  of  the  respective  fibre.  In  haud^spinning, 
the  pluck,  that  is,  the  portion  plucked  from  the  sliver  or 
combed  wool,  was  placed  across  the  fingers  of  the  left  hand 
and  from  the  thick  part  of  it,  the  fibres  were  drawn,  and 
twisted,  as  the  hand  was  withdrawn  from  the  end  of  the 
spindle,  to  which  it  had  been  previouslv  attached.  Th^ 
revolution  of  the  wheel,  effected  by  the  right  hand,  conveyed 
by  a  band  to  the  ^diirl,  or  pulley  on  the  spindle,  produced 
the  requisite  twist  to  give  firmness  to  the  thread ;  and  by  a 
very  gentle  motion  of  the  same  wheel,  the  thread  being 
brought  nearly  perpendicular  to  the  spindle,  it  was  wound 
upon  the  spindle  to  form  the  cisip.  From  tfaiis  it  was  trans- 
ferred to  the  reel,  and  became  a  hank,  ol^  definite  length, 
but  varying  in  weight  with  the  thickness  of  the  thread.  In 
this  state  it  was  transferred  to  the  manufacturer  to  be  con- 
verted into  the  different  fabrics  of  shalloon^  calimanco^ 
bombasin,  &c. 

A  few  jrears  after  the  introduction  of  cottpn  machmery,  an 
obscure  individual  of  the  name  of  Hargraves^  previously 
unknown  as  a  mechanic,  who  had  been  long  employed  by 
Messrs.  William  Birkbeck  and  Co.  at  Settle,  in  Yorkshire, 
in  the  management  of  a  branch  of  the  worsted  manufactory, 
attempted  to  spin  long  wool  by  means  of  rollers.  He  con- 
structed working  models  of  the  necessary  preparing  machinery, 
and  of  a  spinning-frame,  by  the  assistauce  of  peirsons  accus- 
tomed to  the  construction  of  cotton  machinery,  and  succeeded 
so  completely,  as  soon  to  induce  his  employers  to  build  a 
large  mill  for  its  application.  By  degrees  his  plans  became 
known  to  the  trade,  and  many  large  manufactories  have 
subsequendy  been  erected  for  this  purpose.  Contrary  to 
the  earlier  anticipations  on  this  subject,  it  has  been  found, 
that  mill-spun  yam  answers  better  for  Uie  coarse  as  well  as 
the  finer  fabrics,  than  that  produced  by  the  hand,  which  it 
has  entirely  superseded. 

The  first  process  after  the  wool  of  the  fleece  has  1>een 
properly  sorted,  as  it  is  termed^  and  washed,  is  combing. 
This  is  either  done  by  the  hand  or  by  machinery,  invent^ 
/or  that  purpose  some  years  since  by  the  ingenious  Dr.  Ca^ 
iirright.  The  object  of  each  mode  is  to  arrange  the  fibres  as 
much  as  possible  parallel  to  each  other,  which,  as  they  have 
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a  Bomewhafc  tortiious  fcrm,  and  are  of  coasideiaUe  lansgdi, 
requires  them  to  be  frequentiy  drawn  from  eadi  otiier  by  the 
^exertion  of  the  strength  of  the  wool-oomber  or  the  macninev 
in  this  state  Aey  form  a  bundle  of  fibres  about  six  feet  iu 
lengthy  called  a  ^ver^  and  this  being  laid  upon  the  atietch  - 
ing  or  drawing  frame,  omstitutes  the  commencement  of  the 
preparing  process.  The  wool  passes  through  several  pairs  of 
rotters  of  which  the  first  and  last  are  of  course  tl|e  essential 
jsnes,  the  mtern^edjate  moving  with  equal  velocities^  and 
consequently  serving  merely  to  conduct  the  skda :  this  i« 
receiyed  in  c^indrical  cans;  and  tiiree  such  skeins  being 
passed  through'aQother  drawing-frame,  and  stretched  in  their 
t>rogTess,  be(x>me  fitted  fop  roving,  the  last  stq>  in  the  pre? 
paralory  pmoesses.  Allowing  for  the  difference  in  distance 
of  rollers  and  weights,  which  on  fccoon^  of  the  length  ao^ 
adhesiveness  of  the  fibres  of  wool,  are  both  necessarily 
greater  than  with  cotton,  the  descriptioii  of  the  bobbin  roving 
madnne  already  introduced,  will  be  sufficient^  explanatory. 
Spuming,  the  concluding  pvocess,  is  efleoted  by  means  of 
two  pairs  (rf  rollers  moving  with  unequal  vefecitiesy  aiid  inter? 
mefiate  auxihttries. 

The  loosely  twisted  thread  from  the  roving  boblnn,  £»  fi^.  4oe>  is  «Imv^ 
eerried  forirards  bj  the  holding  roUera  A,«,  and  supported  as  it  ptooeeds 
1)y  the  two  painty  C^Cy  and  D,tL  Xt  is  then  drawn  between  the  rollen  B>l^ 
and  having  been  tltus  brought  to  a  proper  thickness^  b  twisted  by  the 
flier  L^  fixed  on  the  top  of  the  spindle,  through  which  at  K  it  passes :  it  is 
flien  taken  up  by  the  bobbin  M,  which  moves  round  with  the  spindle  its 
axis,  although  not  equally  quick.  Tbe  ultimate  thickness  or  sine  of  die 
^read  is  detemined  by  ihediflevenoe  of  velocity  in  theholdiiig  and  drawing 
pairs  of  ndkrs;  that  is  of  A,  s,  and  B,  b,  which  in  their  opecation  evidently 
imitate  a  pair  of  hands.  Ibe  celerity  of  the  three  pairs  of  rollers  nearest  to 
the  back  of  the  frame  is  equal ;  consequently  no  stretching  takes  place 
amongst  them.  The  upper  rollers  of  the  first  and  last  pair  are  pressed 
down  upon  the  lower ,by  weights,  F,  G,  mndi  heavier  than  H,  I,  which  an^ 
supported  by  the  axes  of  C,  D ;  tiiese  being  only  required  steadilv  to  cany 
forward  the  ricein,  and  prevent  the  remote  ends  of  the  fibres  of  the  wool 
from  starting,  whilst  B,  b,  are  pulling  their  other  extremities.  The  front 
rollers  belonging  to  one  division,  or  box,  as  it  is  commonly  termed,  ara 
represented  in  fig.  409,  where  the  dram,  which  moves  the  spindles,  and  by 
a  bevelledpinion  at  the  top  of  its  axis  conveys  motion  to  the  voller^  is  also 
shown.  !rbe  pinioa  on  tne  x^i  extremity  of  the  roller,  acting  upon  a 
train  of  wheels  properly  adjust^,  imparts  the  required  relative  motion^  in 
succession;  to  the  rollers  bey(md. 

SHORT  wool.. 

Short  wool  is  wrought  into  the  finest  cloths  for  personal 
wear^  and  is  spun  in  a  manner  similar  to  cotton^  as  wscribed 
iu  Jenny-spinning. 


The  first  stage  of  the  manufacture  consistfl  ia  nibmittiDg 
it  to  the  action  of  chamber-ley  and  frequent  rinsings  in  clean 
-vvater^  which  bring  it  to  the  state  fit  for  tihe  operation  of 
carding.  The  ca^ngrengipe  for  fine  short  wool  is  con- 
structed with  one  main  cj^^Iinder,  having,  in  lieu  of  the  top 
cards  ufsed  in  jenoy^^sonmng,  mnoesouis  »m^  x)9Ueni^4^g 
and  roUiBg  udob  its  u^per  nuiace  $  it  i»  M0ed  in  fdace  ^  41 
inredcer-engine,  and  is  called  a  smbbkr.  The  W09I  is  4eUr 
yeiei!  from  «  main  cyiinder  to  a  dp0er»  and,  l^in^;  ^jpib^ 
or  doffed,  is  carried  to  another  eogjue^  c9Ued  .t&  ojirdeo 
'Which  perfects  die  oavding,  and  deUvers  it  off,  li^y  meaps  jqf, 
jgrooved  mahogany  rollers,  in  a  jrow  or  rowan,  ^  jjx  jezmy*' 
winning.  If  the  wool  is  itf  a  coarse  desqiption^  audi  ^  i^ 
fonped  into  yaro  t&t  Hie  manufiaciure  of  qoarfM)  doti^  or 
iwooHen  cordis  more  carding  is  nequind. 

Tie  scribblet-mgine  ihas  three'  distiiict  pwrtsor  cylinderp 
Sn  one  frame.  The  Arst  part  conaists  of  tixe  first  main  cylin- 
der with  Its  top  rollers,  and  is  4»Hed  the  lireiist;  this  delivery 
the  wool  to  the  second  main  cylinder^  whioh^  with  its  top 
rollers,  ircaHed  the  first  (mi^;  this  ddivjecs  iit  to  ft  sm^ 
intervening  cjimdeir,  caUed  the  'tween  ^offoo  which  carxisp 
it  to  the .  wird  medn  <r;?Vnder,  mhidi,  with  its  top  rollers,  i$ 
called  the  second  part;  £rom  ihenoe  it  .goes  to  •^e  la^t,4^r 
cylinder,  from  which  it  is  combed  by  a  doffing-plate>  an^ 
finaUy  carried  by  hapd  to  acarding-engine* 

The  carding-engine  consists  of  similar  parts  to  the  ,scrib* 
*t>ler-engine,  except  ^at  it  has  no  hoea^t  cylinder^  and  iis 
covered  with -finer  cards  :  its  last  doffier  dielivers  the  wool  %o 
a  mahogany  grooved  roller,  which  iqrms  it  into  rpwanp  I^ 
theprocess  (rf. spinning. 

Ine  act  of  continuous  carding,  as  described  in  mi^e-spin- 
dingin  the  cotton  manufacture^  is  said  to  have  heep  ejected 
in  some  mills,  but  the  advantages  aiiaing  from  it  are  not  so 
great  as  to  procure  it  general  introduction. 

Tlie  rows  or  rowans  are  taken  «to  a  ro^ing-biUy^  which  ^i^e 

'have  already  noticed  in  jenny^^inning,  and  is  .spun  and 

stcetehed  by  hand  as  there  described.    In  this^  however^  .t)^e 

act  of  plying  and  drawing  is  not  introduced,  <ts  .fineness  of 

yam  is  not  the  object  sought. 

The  engines  used  in  carding  wool  pre  generally  larm 
than  those  used  for  cotton,  bemg  frequently  six  feet  wijie : 
dpring  the  operation  of  carding,  the  woolis  copiously.sprinldM 
fijfdi  rape  oil. 
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SILK  MANUFACTURE. 


Silk  is  a  yery  fine  and  delicate  tliread,  the  produce  of  a 
small  insect^  called  bambyxj  or  the  sUk^-worm ;  which  is  not 
less  carious  on  account  of  the  changes  it  undergoes  in  itf 
existence,  than  valuable  for  the  beautml  fibre  which  it  spins. 

The  eggy  requiring  not  the  care  of  parental  incubation,  i^ 
by  the  solar  heat  brought  into  ezistencey  and  the  bombyx  or 
sUk-worm  thus  produced  lives  upon  the  leaves  of  the  mul- 
berry-tree until  it  has  arrived  at  maturity,  Fbfn,  spinning 
itself  up  in  a  bmaU  bag,  about  the  size  of  a  pigeon's  egg,  it  is 
changed  into  an  aurelia.  In  this  state  it  continues  tiU  about 
the  fifteenth  day  when  it  is  changed  into  a  butterfly,  and.  If 
not  prevented,  eats  its  way  through  the  silken  prison,  to 
expand  its  newly  acquired  wings  in  the  sun. 

The  ball  or  cocoon,  which  ue  ingenious  little  insect  has 
been  at  so  much  pains  to  spin,  to  secure  itself  from  its 
enemies  and  the  emcts  of  the  weather,  is  thfe  substance  we 
call  silk;  and  many  who  have  examined  it  with  attention 
are  of  opinion  that  it  will  extend  to  th^  distaace  of  six  English 
miles. 

In  order  to  secure  the  silk  foi  the  purposes  of  the  manufac- 
turer, it  becomes  necessary  to  destroy  the  insect  so  soon  as 
the  cocoon  is  completed,  which  is  on  or  about  the  tenth  day. 
The  cocoon  is  of  various  colours ;  but  the  most  predominant 
are  flesh  colour,  orange,  and  yellow.  The  whole  of  them,  how- 
ever, are  lost  in  the  process  of  scouring  and  dying,  and  there- 
fore it  is  not  necessary  to  wind  them  on  separate  reels. 

The  balls,  preparatory  to  being  wound  off  into  skeins  qr 
hanks,  are  immersed  in  hot  water,  which  dissolves  a  natural 
gum,  by  which  the  fibres  are  united  together,  so  that  a  single 
tiiread  taken  from  the  reel  will  be  found  to  be  composed  of 
numerous  small  fibres  or  threads  in  the  state  produced  by  the 
worm. 

The  silk  is  imported  into  this  country  thus  wound  off  into 
skeins,  and  in  order  to  undergo  the  processes  of  the  manu- 
fitcturer  is  wound  upon  bobbins ;  and  each  thread  being,  as 
we  before  have  stated,  composed  of  several  fibres,  receives  a 
certain  degree  of  twist,  that  the  constituent  parts  may  be 
united  more  firmly  together  than  they  can  possioly  be  by  tlie 
gum  alone.  When  they  have  been  subjected  to  thus  much  of 
the  manufacture,  they  are  wound  upon  fresh  bobbins,  and  two 
pr  three  threads  twisted  together,  to  form  a  strong  thread  for 
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the  weaver,  who  warps  and  finally  weaves  the  silk  into  various 
beauttful  ai^d  useful  articles,  by  a  process  very  similar  to 
that  used  in  the  weaving  of  cotton  and  linen. 

In  Piedmont,  where  very  excellent  silk  is  produced,  the  manufacture  is 
carried  on  by  aid  of  the  silk  reel  represented  in  fig.  424. 

The  balls  or  cocoon^  are.  thrown  mto  hot  water  contained  in  a  copper  basin 
or  boiler,  A,  about  18  inches  in  length,  and  six  deep,  set  in  brick-work,  so 
aa  to  admit  of  a  small  charcoal  fire  h«neath  it.  B  B  is  a  wood  frame  sustain- 
ing several  p«urts  of  the  reel ;  D  is  the  reel  upon  which  the  silk  is  wound ;  C 
is  a  guide  which  directs  the  thread  upon  it;  and  £  F  tlie  wHeeUwork  which 
gives  motion  to  the  guide.  The  reel  D  is  merely  a  wooden  spindle,  having 
four  arms  mortised  into  it  to  support  the  four  battens  or  rails  on  which  the 
«ilk  is  wound. 

Upon  the  end  of  the  wooden  spindle  of  the  reel,  and  within  the  fiame  B, 
is  a  wheel  of  22  teeth,  which  gives  motion  to  another  wheel  C,  fixed  upon 
the  end  of  the  inclined  axis  £  F,  and  having  twice  the  number  of  teeth;  at 
the  end  of  this  inclined  axis  is  another  wheel  G,  of  22  teeth,  playing  in  a 
horizontal  cog-wheel  with  35  teeth.  This  wheel  turns  upon  a  pivot  fixed  in 
jtbe  firame,  and  has  a  pin  fixed  in  it  at  a  distance  from  the  centre,  to  form  an 
eccentric  pin  or  crank,  and  give  a  backward  and  forward  motion  to  the  slight 
"wooden  rail  or  layer  C,  which  guides  the  threads  upon  tlie  reel;  for  this  purr 
pose,  the  threads  are  passed  through  wire  loops  or  eyes,C,  fixed  into  the  layer, 
and  the  end  thereof  opposite  the  wheel  and  crank  F  is  supported  in  a  mortise 
or  an  opening  made  in  the  frame  B,  so  that  the  revolution  of  the  crank  will 
cause  the  layer  to  move,  and  <;arry  ^e  threads  alternately  towards  the  right 
or  left.  There  is  likewise  an  iron  bar  H,  fixed  over  the  boiler  at  H,  and 
pierced  with  two  holes,  through  which  the  threads  pass  to  guide  them. 

In  the  operation  of  reelings  it  is  well  known,  that  if  the 
thread  be  wound  separately  it  will  be  totally  unfit  for  the  pur- 
poses of  the  manufacturer;  consequently  the  ends  ox  the 
Ihreads  of  several  balls  or  cocoons  are  joined  and  wound  to- 
l^ether,  and  when  auv  one  of  them  breaks  or  comes  to  an  end, 
its  place  is  supplied  by  a  new  pne,  and  thus  by  continually 
keeping  up  the  same  number  the  united  threads  may  be  woimd 
to  any  required  length. 

The  reeling  is  conducted  by  a  woman,  who,  when  the  balls 
or  cocoons  have  remained  a  sufiEicient  time  in  the  hot*water 
contained  in  the  boiler  A,  to  soften  the  gum,  takes  a  whisk  of 
birch  or  rice-straw,  about  six  inches  long,  cut  stumpy  like  a 
worn-out  broom,  and  brushes  the  cocoons  with  it,  which 
causes  the  loose  threads  to  adhere  to  it ;  these  she  disengages 
from  the  whisk,  and  by  drawing  them  through  her  fingers  cleans 
them  froxn  the  loose  silk,  which  always  surrounds  the  cocoon, 
till  they  come  off  dean,  which  operation  is  called  la  battue. 
When  the  silk  has  be^n  perfectly  cleansed,  she  passes  four  or 
more  of  the  threads,  if  she  intends  to  wind  fine  silk,  through 
each  of  the  holes  in  the  thin  iroif  bar  H,  and  afterwards 
twists  the  two  compound  threads^  xonsi^ting  of  four  cocoons 
each,  about  20,  or  !&  times  rouad  «ach  other,  that  the  firar 
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ends  iB  eacb  thread  may  the  better  jom  together  by  cro^B^g 
each  oth»,  and  that  the  thpead  of  the  sUk  m»f  he  muni 
fdiich  otherwise  would  be  iat. 

Tlie  threads  when  thus  twisted  together  are  jfassed  through 
the  eyes  of  the  loops^  C^  of  the  layer,  and  thence  are  cond«ict64 
^d  made  fast  to  one  of  the  rails  of  the  reel.  As  it  is  of  eon- 
sequence  in  the  production  of  good  silk^  that  the  thread  8honl4 
ha;re  lost  part  of  its  heat  and  gumminess  before  it  touches  the 
bars  of  t^e  reel,  the  Piedmontese  are  by  law  obUged  to  hare 
38  French  inches  between  the  guides,  C,  and  the  centre  of 
the  reel;  and  the  layer  must  also,  imder  a  penalty,  be 
mored  by  cog-wheels  instead  of  an  endless-cord,  w:hfcn,  if 
suiBered  to  grow  slack,  will  cause  the  layer  to  stop  and  po^ 
lay  the  thr^s  distinctly,  and  that  part  of  the  skem  will  be 
glued  together,  whereas  the  cog-wheel  cannot  fail ;  when  the 
skeins  are  quite  dry,  the  red  is  removed  from  the  ftame,  and 
by  the  folding  of  two  of  its  iurms,  by  means  of  hioges,  lixp 
9keins  are  taken  off,  and  with  some  of  the  u^use  silk  a^e  ti64 
into  hanks* 

.Although  from  the  foregoing  description  the  operatimi 
must  appear  very  simple,  U  ia  a  matter  of  very  great  nicety 
to  wind  an  even  thread,  and  the  dLCculty  of  keeping  ^ 
thread  always  even  is  so  great  tbttt,  except  wilen  nsiog  ft 
thread  <tf  Iwp  cocoons,  they  do  not  say  fi  $ilk  of  three,  /pur^ 
4ar  six  .cocoons ;  but  a  sUk  of  thre^  or  four,  four  pr  five,  five 
tf  sis  gM>CQonAt  In  a  cCOjarser  silk  it  canAO,t  be  calculated 
•e^o  MQ  n^rly  as  to  fpur  ,cQC0QQ9,.and  consequeinily  they  say, 
^ml2.tolft,  6wil5to20,imdsoon,      ^  '^  ^^"^ 

It  is  also  UQcessary  tb^t  the  water  in  tl^e  boiktr  be  kept  r^ 
A.OQdain  temperaJture;  for  if  the  .water  is  tQO  hot,  the  thread 
is  dead  and  has  no  body;  if  too  cold,  the  ends  of  the  threa48 
do  not  join  \^U>  and  form  a  harsh  ulk.  The  threads  them- 
.selves  mdicate  when  the  water  is  not  at  the  proper  degree  of 
temipenitiir^  by  frequ^pt  .brea]ang  when  it  is  too  hot;  and 
XHmuAg  off  entangled,  and  in  a  woolly  slate,  when  ^  cold. 

Jn  the  process  of  winding  the  woman  has  alwavs  ?t  bowl  of 
fCgld  iwater  by  bcr^  into  which  she  occasionally  dips  her 
fingers,  and  frequently  sprinkles  it  upon  ^e  iron.p^r  H,  that 
Abe  threads  may  not  be  burnt  by  the  heat  qf  the  basin ;  it  ah^o 
jerves  to  lessen  the  temperature  of  the  water  in  the  boiler 
iWfaen  upproacbing  the  boiling  j)oint. 

.Alljunds  of  sijk  which  are  simply  drawn  firom  the  cocoons 
by.thjs  j^QQ^s  of  reeliiigjarje  qalled  raw  silk,  and  is  denpnd- 
iiated.c<Marse  or  .fine  according  to  the  nuipber  qf  fibres  of 
Liobich  the  .thrjead  is  qouipop.e4.    In  preparii^^  the  wfr  si])c  for 
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dyiBg  the  tbread  is  slightly  twisted,  in  ardler  to  jBiifd>le  k  to 
bear  tbe  action  of  the  hot  liquor  without  tiie  filnres  sepanMSa^ 
or  furring  up.  The  siUc-yam  en^Ioyed  by  the  weaTei«  lor 
the  woof  or  weft  of  4be  stuffs  which  they  fabrioate,  ia  coMfMod 
of  two  or  more  threads  of  the  raw  silk,  slightly  twiatediby  4lie 
aid  of  m^hinery ;  and  the  thread  employed  ^y  the  atodking- 
wearer  is  of  the  same  quality,  but  compoaed  of  a  gnsater 
number  of  4^eads,  according  to  the  thickness  xetphoS* 

.  Organzine  silk  consists  in  eombiniiyg  togetlMr  two  or  jatve 
ibreads  of  silk,  each  of  which  has  in  tbe  fiiat  instance  beoi 
twisted  by  itself,  and  afterwards  the  whole  ase  twisted  tott- 
tfaer.  This  operation,  with  tbe  exertion  >oi  the  ^onpiiSffi 
of  the  cott»n,  closely  resemMes  roving  in  the  Cotton  Manu* 
Culture.  The  process  consists  of  six  diffexent  operalions. 
1.  Tbe  silk  is  wound  from  the  ricein  upon  bobbins  in  the 
winding-machines.  2.  It  is  tiien  sorted  into  different  quali- 
ties. 3.  It  is  spun  or  twisted  on  a  mill  in  tbe  single  thread, 
tbe  twist  being  m  the  direction  of  from  right  to  ieft,  and  move 
or  less  tight,  as  tbe  purposes  to  which  tbe  silk  is  to  be  applied 
may  require.  4.  Two  or  more  threads  thus  ^uo  ace  doubled 
or  drawn  together  through  tbe  fingers  of  a  wonMn,  wJio  at 
the  same  time  cleans  them,*  by  taking  out  the  alnbs  wbicdi 
may  have  been  left  in  the  silk  hf  die  negfigence  of  the  foreign 
reeler.  5.  It  is  then  thrown  by  a  mill,  that  is,  tw»  or  more 
threads  are  twisted  together,  eitiber  slack  or  bard,  as  Che 
manu&cturer  may  require ;  but  ihe  twist  is  in  an  opporite 
direction  to  the  first  twist,  and  it  is  wound  at  the  same  time 
in  skeins  upon  a  reel.  6.  The  skeins  are  sorted  according 
to  their  different  degrees  of  fineness,  and  then  the  pnetts  is 
complete. 

The  first  operation  which  the  raw  siik  undergoes  is  windiog, 
that  is,  drawmg  it  off  from  the  dceins  in  which  it  is  imported, 
and  winding  it  upon  wooden  bobbins,  in  which  state  it  can 
go  to  the  other  machines. 

Each  of  the  skeins  is  extended  upon  a  slij^  i«el  called 
a  swift ;  it  is  composed  of  four  small  rods,  fix^  into  an  axis, 
and  small  bands  of  string  are  stretched  between  tlie  aona  to 
receive  the  skein,  but  at  the  same  tinse  die  bands  admit  .of 
sUding  to  a  greater  or  less  distance  fipom  the  oentm,  mo  mm  to 
increase  die  effectLre  diameter  of  tbe  red,  according  to  Ike 
size  of  the  skein,  because  the  skeins,  which  comes  firam  dif- 
ferent countries,  vary  in  size,  b<^Dg  geneirify  an«eaB0t  yard^ 
or  other  similar  measure,  of  the  countiy  wbeve  the  sfflcaare 
produced.  The  swifts  are  supported  upon  wke  pivots,  sipon 
whicb  they  turn  freely  when  the  silk  is  drawn  off  &oaa(^«; 
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but  in  order  to  cause  the  thread  to  draw  with  a  geatle  force, 
a  looped  piece  of  string  or  wire  is  hung  upon  the  axis  within- 
nde  the  red^  and  a  small  leaden  weight  is  attached  to  it,  to 
procure  friction.  The  bobbins  which  draw  off  the  threads  are 
received  in  the  ujmer  part  of  the  frame,  and  are  turned  by 
means  of  a  wheel  beneath  each,  the  bobbin  having  a  small 
roller  upon  the  end  of  it,  which  bears  by  its  weight  upon  the 
circumrerence  of  the  wlnsel,  and  the  bobbin  is  thereby  put  in 
motion  to  draw  off  the  silk  from  the  swift.  A  small  light  rod 
of  wood,  called  a  layer,  which  has  a  wire  eye  fixed  into  it,  is 
phiced  at  a  little  distance  from,  and  opposite  to,  each  bobbin, 
so  as  to  conduct  the  thread  thereupon ;  and  as  the  layer  moves 
constantly  badcwards  and  forwards,  the  thread  is  regularly 
spread  upon  the  length  of  the  bobbin.  Tlie  motion  of  the 
layer  is  produced  by  a  crank  fixed  upon  the  end  of  a  cross- 
spindle,  which  is  turned  by  means  of  a  pair  of  bevelled  wheels 
from  the  end  of  the  horizontal  axle,  upon  which  the  wheels  for 
turning  all  the  bobbins  are  fixed. 

These  winding-machines  are  usually  double,  to  contain  a 
row  of  bobbins  and  swifts  at  the  back  as  wdl  as  in  front. 
TVo  of  these  double  frames  are  put  in  motion  by  cog-wheels 
from  a  vertical  shaft,  which  ascends  from  the  lower  apart- 
ments of  the  mill,  where  the  twisting-^machines  are  placed. 
The  winding-machines  require  a  constant  attendance  of 
children  to  mend  the  ends  of  threads  which  are  broken ;  or 
when  they  are  exhausted,  they  replace  them  by  putting  new 
skeins  upon  the  swifts.  When  tlie  bobbins  are  filled,  they 
are  taken  away,  by  only  lifting  them  up  out  of  their  frame; 
and  firesh  ones  are  put  in  their  places. 

A  patent  has  been  lately  taken  out  by  Messrs.  Gent  an^ 
Clarke,  for  a  new  construction  of  tiie  swifts  for  winding- 
machines  :  they  are  made  with  six  single  arms,  instead  of  four 
double  ones ;  and  the  arms  are  small  flat  tubes  made  to  con- 
tarn  the  stems  of  wire  forks,  which  receive  the  skein,  instead 
of  the  bands  of  string  in  the  common  swifts.  These  forks 
admit  of  drawing  out  firom  the  tubes  until  the  swift  be  suffi- 
cientiy  enlarged  to  extend  it ;  but  as  they  extend  the  skein 
at  six  p<Mnts  instead  of  four,  as  in  the  common  ones,  tiie 
motion  is  more  regular.  Instead  of  the  weight  which  causes 
the  friction,  a  spring  is  used  to  press  upon  the  end  pivot  of 
the  axis,  and  make  tiie  requisite  resistance. 

The  twisting  of  the  silk  is  always  performed  by  a  spindle 
and  bobbin,  with  a  flyer,  but  the  construction  of  the  machine 
is  frequently  varied.  Tlie  limits  of  our  plate  do  not  admit 
«  representation  of  the  great  ^nachines,  or  throwsting-milLs^ 
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lit  their  full  extent ;  but  the  principle  is  the  same  asr  flg.  ^fflft^ 
which  we  have  extracted  from  Dr.Rees's  Cyclopedia,  varying 
the  description  a  little,  to  agree  with  the  present  improved 
state  of  the  manuCeusture. 

In  fig.  426,  we  have  given  a  drawing  of  a  small  machine,  which  is  similar 
in  the  parts  which  act  upon  the  silk;  and  indeed  many  mills  employ  such 
machines  constructed  on  a  large  scale.  The  one  in  our  plate  contains  only 
thirteen  spindles,  and  is  intended  to  be  turned  by  hand,  a  method  which  is 
too  expensive  for  this  country,  but  is  common  in  the  south  of  France,  where 
many  aitisans  purchase  their  silk  in  the  raw  state,  and  employ  tlieir  wives 
or  children  to  prepare  it  by  these  machines,  which  they  call  ovale*,  because 
the  spindles,  b  b,  are  arranged  in  an  oval  frame,  G  H. 

B  IS  the  handle  by  which  the  motion  is  given ;  it  is  fixed  on  the  end  of  a 
spindle  R,  which  carries  a  wheel  D,  to  give  motion  to  a  pinion  upon  the 
tiDper  end  of  a  vertical  axle  E ;  this,  at  the  lower  end,  has  a  drum  of 
wheel  F,  to  receive  an  endless  strap  or  band,  a  a,  which  encompasses  the 
frame  G,  and  gives  motion  to  all  the  spindles  at  once.  The  spindles  bbvrt 
placed  perpendicolariy  in  the  fiame  G  H,  their  points  resting  in  small  holes 
m  pieces  of  metal,  which  are  let  into  the  oval  plank  G ;  and  the  spindles 
are  also  received  in  collars  affixed  to  an  oval  frame  11.  which  is  supported* 
from  the  plank  G,  by  blocks  of  wood ;  d  and  a  are  small  rollers  supported  in 
the  frame  G  H,  in  a  similar  manner  to  the  spindles ;  tiieif  use  is  to  confine 
the  strap  Of  to  press  against  the  rollers  of  the  spindles  with  snfiatent  force  to 
keep  them  all  m  motion. 

The  thread  is  taken  up,  as  fiist  as  it  is  twisted,  by  a  reel  R,  which  is 
turned  by  a  wheel  A,  and  a  pinion  t,  upon  the  end  of  the  principal  spindle  R. 
The  threads  are  guided  by  passing  through  wire  eyes,  fixed  in  an  oval 
firame  L,  which  is  supported  in  the  frame  of  the  machine,  by  a  single  bar  or 
rail  Itj  and  this  has  a  regular  traversing  motion  backwards  and  forwards,, 
by  means  of  a  crank  or  eccentric  pin  R,  fixed  in  a  small  cog-wheel,  which 
is  turned  by  a  pinion  upon  the  vertical  axis  £ ;  the  opposite  end  of  the 
rail  t  is  supported  upon  a  roller,  to  make  it  move  easily.  •  By  this  means 
the  guiders  are  in  constant  motion,  and  lay  the  threads  regularly  upon  the 
reel  K,  when  it  tunas  round,  and  gathers  up  the  silk  upon  it  as  ahowa  in  the 
figure. 

One  of  the  spindles  is  shown  at  r  without  a  bobbin,  but  all  the  others  are 
represented  as  oeing  mounted  and  in  action.  A  bobbin,  e,  is  fitted  upoitr 
each  spindle,  by  the  hole  through  it  being  adapted  to  the  conkal  form  of 
the  spmdle,  but  in  such  manner  that  the  bobbin  is  at  Ub^y  to  torn  freely 
reiund  upon  the  spindle ;  a  piece  of  hard  wood  is  stuck  fost  upon  eacL 
spindle,  just  above  the  bobbin,  and  has  a  small  pin  entering  into  a  hole  in 
tue  top  of  the  spindle,  so  as  to  oblige  it  to  revolve  with  the  spindle,  this 
piece  of  wood  has  the  wire-flyer;  b,  fixed  to  it ;  the  fiyer  is  formed  into  eyes 
at  ^e  two  extremities ;  one  is  turned  down,  so  as  to  stand  opposite  to  the 
middle  of  the  bobbin  0 ;  and  the  other  arm,  b,  is  bent  upwards,  so  thai 
the  ^e  is  exactly  over  the  centre  of  the  spindle,  and  at  a  height  of  some 
inches  above  the  top  of  the  spindle.  The  thread  from  the  .bobbin,  e,  is 
passed  through  botn  the  eyes  of  this  wire,  and  must  evidently  receive  a 
fwist  when  the  spindle  is  turned ;  and  at  the  same  time,  b?  dntwing  up  the 
thread  through  (he  upper^e,  6,  of  the  flyer,  it  will  tuni  the  bobbin  round,- 
and  unwind  therefrom.  The  rate  at  wbiim  tiie  thread  is  drawn  ofi*  from  the 
bobbin,  compared  widi  the  number  of  revolutions  which  the  flyers  make  in* 
the  same  time,  determine  the  twist  to  be  more  or  less  hard.  This  chncum-' 
stance  is  reguUtted  by  the  proportion. of  the  wheel  h  to  the  pinion  i^  fronfe 
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implicated  machines  in  the  king  of  Sardiiiis's  dominiotitf 
from  which,  on  his  return,  he,  in  conjunction  with  Mr^ 
Thomas  Lombe,  established  a  similar  set  of  mills  at  Derby^ 
Parliament  granted  them  a  patent  for  fourteen  years;  and,  on 
being  petitioned  at  the  end  of  that  term  for  a  renewal,  granted 
them  14,000/.  instead,  on  condition  that  they  should  allow 
a  perfect  model  to  be  made,  and  placed  hi  the  Tower  tor 
public  inspection^ 

FLAX  MANUFACTURE. 

Flax  undergoes  yarious  processes  before  it  can  be  worked 
into  cloth  or  otiier  articles ;  these  processes  are  very  different^ 
aod  require  different  sorts  of  implements  and  machinery,  in 
order  to  their  being  properly  penormed.  Flax,  for  the  pur- 
pose of  being  formed  into  cambric,  fine  lawn,  thread,  and  lace, 
18  dressed  in  rather  a  different  manner  to  that  which  is  em-: 
ployed  for  other  purposes ;  it  is  not  scotched  so  th(»oughly 
as  common  flax,  which  firom  the  scotch  proceeds  to  the  heckle, 
and  from  that  to  the  spinner;  whereas  this  fine  flax,  after  a 
lough  scotching,  is  scraped  and  cleansed  with  a  blunt  knife 
upon  the  workman's  knee,  covered  with  his  leather  apron; 
mm  the  knife  it  proceeds  to  tiie  spinner,  who,  with  a  brushy 
made  for  &e  purpose,  straightens  and  dresses  each  parcel 
before  she  begins  to  spin  it* 

In  the  SwMsh  JVansactums  for  the  year  1747>  ^  method 
is  i^ven  for  preparing  flax  in  such  a  manner  as  to  resemble 
ootton  in  whiteness  and  softness,  as  well  as  in  coherence  ; 
for  this  purpose,  a  little  sea- water  is  directed  to  be  put  intd 
an  iron  pot,  or  an  untinned  copper  kettle,  and  a  nuxture  of 
equal  parts  of  birch-ashes  and  quick-lime  strewed  upon  it» 
a  small  bundle  of  flax  is  to  be  then  opened  and  spread  upon 
the  surfEtoe,  and  covered  with  more  of  the  mixture,  and  the 
stratification  continued  till  the  vessel  is  sufficiently  fiUed* 
The  whole  is  then  to  be  boiled  with  sea- water  for  ten  hours^ 
fresh  quantities  of  water  being  occasionally  supplied  in  pro- 
portion to  the  evaporation,  l£at  the  flaxy  matter  may  never 
become  dry.  The  boiled  flax  is  to  be  immediately  waished  in 
the  sea,  by  a  little  at  a  tune,  in  a  basket,  with  a  smooth  stick 
at  first,  while  hot ;  and  when  grown  cold  enotij^  to  be  borne 
by  the  hands,  it  must  be  well  rubbed,  washed  with  soap,  laid 
to  bleach,  and  turned  and  watered  every  day  for  some  time. 
Repetitions  of  the  washiag  with  soap  expedite  the  bteachiog ; 
after  which,  the  flax  is  to  be  beat,  and  again  well  washed; 
when  dry^  it  is  to  be  worked  and  carded  in  the  same  manner 
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M  cctattM  tkMim,  and  preaied  between  two  boMrcb  lor  forty- 
eight  hours.  It  IS  now  fiilly  prepared  and  fit  for  use.  It 
loses  m  this  ptocess  nearly  one-half  its  weight,  which,  how- 
ever, is  aboodantly  eompensated  by  the  improvement  made 
ia  its  quality,  and  its  fitness  for  the  finest  purposes. 

Th^JUtM-brake  ia  a  hand  instnimenty  or  madiiiie,  whitb  was  originally^ 
and  for  many  ages,  chiefly  employed  in  breaking  and  separating  the  boon  or 
core  from  the  flax,  which  is  the  cuticle  or  bark  of  the  plant  In  performing 
thi»  business,  the  flax  being  held  in  the  left  hand,  across  the  uree  nader 
teeth,  or  swords  of  the  brake,  shown  at  A,  figs.  432  and  433^  the  upper 
teeth  or  swords  B,  fig.  432,  and  h,  fig.  433,  are  then  with  the  ridit  hand 
quickly  and  often  forced  down  upon  the  flax,  which  is  artfully  sm^d  and 
turned  with  the  left  hand,  in  order  that  it  may  be  fully  and  completely 
broken  in  its  whole  length. 

The  fiaae  fooi-btnlu  is  an  implement,  or  dndiine,  of  the  Inrake  aind^ 
invented  in  Scotland,  by  which  flax  is  broken  and  scotched  with  nuteh 
greater  expedition  than  oj  the  hand  instrument  just  describedy  and  in  a 
more  gentle  and  safe  manner  than  by  the  fiax-mill.  By  this  contriTance, 
the  boon  or  stem  is  well  broken,  and  die  slofMOg  stroke  given  as  wHh  the 
scotdier,  while  the  machine  is  moved  by  the  foot.  The  treadle  ia  of  con* 
sidetable  len^h,  on  whidi  aoeount  it  is  put  in  motion  with  greai  fadtityf 
and  assisted  m  it  by  means  of  a  fly.  The  scotchers  are  fixed  upon  the  rim 
of  a  fly-wheel.  But  though  these  mathines  may  be  highly  useftil  where 
mills  turned  by  water  cannot  be  established^  they  are  probably  much  inferior 
in  point  of  expedition,  and  the  eeomouiy  of  labour.  A  brake  of  this  kind  is  * 
lepreMSted  in  dilfierent  views,  in  figs.  434  and  435,  in  which  is  shown,-  by 
A,  the  thiee  under  brake-4eeth,  or  swords,  seventeen  inches  long»  three 
inches  de^,  one  inch  and  a  quarter  thick  at  the  back,  and  a  qnarler  el  as 
indi  at  the  ibre-part  or  edge. 

B  the  edges,  two  indies  and  three^uarteie  asunder  al  thi  end  aexC  tfce 
guide  B,  and  two  inches  asunder  at  the  other  end. 

C  displavs  the  tiro  upper  teeth,  about  an  inch  ^bcfthu  dmxL  the  under, 
teeth;  and 

D  represents  the  brake-maltet,  about  thiffty*tlireto  nomWb  briish  weight 

F  2»  a  compound  foolrtreadle,  which  is  ei|pM  feet  io/ax  indies  between  the 
iiikra  P,  raised  at  F  eidit  inches  above  the  ground,  or  rather  fn%  inches 
h^her  than  the  lance  <a  the  workman  ;  £  is  two  feet  four  indies  between 
the  fblera  G,  and  is  raised  at  G  eighteen  inches  above  ths  ground  ;*  that  is^ 
fiflseeo  inehea  higher  than  the  lanoe  of  the  workman. 

H  the  sword,  or  upright  timber  rodyvHudi  turts  thevAeei  by  the  treadle 


I  the  treadle-erank,  of  seven  indies  and  a  half  radius. 

K  the  fly-wheel,  four  fset  and  a  half  diameter,  above  sixty  peends 
Englidi  weight.  As  here  ifepresented,  it  ia  beat  or  east  iron ;  bnt  k  may 
also  be  made  of  timber. 

L  boss  cods  or  bushei. 

«iM  the  Ufiinff-craak;  M  is  fixed  firm  upon  the  axle  of  fhe  fly,  while  the 
erank  «,  a&out  ei^t  ineh^  radius,  plays  fireely  round  the  axle.  In  position 
first,  M  b^itts  to  take  round  the  cnnk  (which  by  the  lever  R  pulls  up  the 
•  meOel);  when  it  ckwms  to  poaitien  seeond,  die  aallet  is  again  at  liberty, 
nnd  bgp  its  weight  puU*  vp  the  erank  (fi»lar  thsa  the  fixed  pieces  move)  into 
position  third. 

It  may  be  observed  that  the  treadle-erank  is  advanced  about  one-eighth. 
pert  of  the.  circle  before  the  Uftiog-czank. 
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B  t  Mnall  pnltoyi  wiiidi  taroM  eudf  vound  on  the  ead  of  the  etnk,  aaif 
!•  whicfa  a  rope  ii  fixed. 

O  a  piece  of  timber  which  prevents  the  roller  from  felling  in  apon  the 
axle,  but  whicii  should  not  rub  against  the  rope  in  its  coming  down. 

P  shows  where  the  rope  passes  between  two  frictieo-rollers,  whidt  are  m^ 
placed  that  it  comes  down  three  or  fimr  ihcbes,  or  half  the  radies  of  the 
liltinff-«nnk  on  the  side  of  the  plummet4ine,  crossing  the  centre  .of  the 
wheel ;  tiiat  is,  to  the  side  on  which  the  cnuak-  turns  when  it  pulls  down 
Ike  rope. 

Q  a  pillar,  which  serves  only  to  support  the  guard  lor  the  ropeO,  and  the 
IHctaon-rollers  at  P. 

R  the  lever. 

S  the  lever-pillar. 

T  part  of  the  mallet4rame. 

U  two  pillars  which  guide  the  brake-mallet. 

V  an  iron  spring  whwh  receives  the  leap  ef  the  maUet,  and  throws  it  the 
^tiidur  down. 

W  the  piilart  which  support  the  fly. 

X  U  the  pillars  which  bear  the  brake-teeth  aad  msUct. 

Y  Y  the  sfNir  and  cross  that  support  the  pillars^ 
Z  Z  the  bottom  frame^eoe. 

ethe broad  stool  upon  which  the  workmaa stands,  ijuee  indies  above  the* 
ground. 

The  lifting  crank  and  puUey  are  shown  sepanttely,  in  difSerent  views,  at 
M  m  a,  and  m  n. 

The  brake-teeth  are  made  of  good  beech  or  plane-tree;  the  brake-mallet 
of  plane-tree,  ash,  elm,  birch,  or  oak ;  and  the  sword,  or  upright  timber-rod^ 
between  the  treadle  and  the  treadle-crank,  of  beech,  ash,  or  oak.  The  ily* 
whi»el,  if  timbc^r,  should  be  made  of  oak,  ash,  beech,  elm,  or  plane-tree » 
All  the  other  parts  of  timber  worth  mentioning  may  be  made  of  nr-wood« 

At  fig.  430  IS  shown  the  ground  plan  of  the  who(er 

This  brake  may  at  an^  time  be  converted  to  a  beater  of 
flax  and  hemp,  by  remonng  the  brake-teeth,  and  putting  in 
their  place  flat  bcNirds.  In  the  upper  of  theee  boards  may  be 
driven  32  nails,  the  heads  about  three-quarters  of  an  mch 
long,  and  the  points  of  the  heads  about  a  quarter  of  an  inch 
in  diameter ;  the  points  of  the  nail-heads  may  be  placed  one 
inch  clear  asunder,  and  at  equal  distances,  as  in  this  way  any  of 
tbenfdlsmayiposteaaily  be  drawnout  in  repairing  the  mallet* 
An  iron  hoop  put  about  the  mallet  will  prevent  its  bursting^ 
with  the  driving  in  of  the  nails«  In  the  time  of  beating,  the 
narrow  end  of  the  mallet  is  placed  towards  the  workman^ 
and  where  there  is  much  work  m  that  way,  the  mallet  and  fiy 
may  be  made  heavier,  and  then  two  o^  more  workmen  can 
work  ^together  upon  the  foot-treadles,  which  may  also  be 
made  equally  long. 

The  JUue-haekk  is  an  instrument  or  tool  constructed  for  the  purpose  of 
hackling  or  straightening  the  fibres  of  the  Sax,  which  is  seen  at  figs.437  and 
43B.  It  has  many  teeth,  fix^  in  a  square  flat  piece  of  wood,  as  seen  at 
A  and  B.  When  used,  it  is  firmly  fixed  to  a  bench  before  the  weskmaa, 
who  strikes  the  flax  upon  the  teeth  of  the  hackle,  and  draws  it  qtiddf 
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Uirongh  thfr  tceth«    To  penons  unacquainted  whh  this  kind  of  wock,  thi$ 


may  aeem  a  rerj  simple  operation;  but  in  fiict  it  reqoiies  as  much  practice 
to  acquire  the  nie«hoa  of  baekling  welly  and  without  wasting  the  flax,  as  any 
other  operation  in  the  whole  manufacture  of  linen.  The  workmen  usftf 
finer,  or  coarser  and  wider-teethed  hackles,  according  to  the  quality  of  the 
flax ;  generaUy  pntting  the  flax  through  two  hackles^  a  coarser  one  at  fint, 
aad  then -a  finer  one  in  finishing  it. 

The  jf«p  r^pBMg-^omb  is  an  instrument  or  tool  which  is  fi>nned  by  letting 
sixy  seven,  or  mora  long  square  teeth  nearly  upright,  in  a  long  narrow  piece  of 
plsaik,  so  that  their  £fievent  angles  shall  come  nearly  to  touch  each  other. 
By  drawing  the  flax  through  between  these  teeth,  the  balls  or^pods  in  which 
tlie  seed  is  contained  are  forced  ofil  It  is  seen  at  A  and  B,  fig.  439.  If 
the  flax  is  to  be  regarded  more  than  the  seed,  it  should,  after  polling,  be 
allowed  to  lie  some  hours  upon  the  ground  to  dry  a  little,  and  so  gain  some 
firmness,  to  prerent  the  skin  or  harl,  which  is  the  flax,  from  rubbing  off 
in  the  rtp]^ hng ;  an  operation  which  ought  by  no  means  to  be  neglected,  ae 
the  balls,  if  put  into  we  water  along  with  the  flax,  breed  vermin,  and  othei^ 
wise  spoil  the  water ;  the  balls  also  prove  verr  inconvenient  in  the  grassing 
and  breaking.  ln.Iincolnshire  and  Ireland  they  think  that  ripplii^  hurts 
the  flax;  and  therefore,  in  place  of  it,  they  strike  the  balls  against  a  stone. 
The  handfiils  for  rippling  should  not  be  great,  as  diat  endangen  the  lint  in 
the  rippling-comb.  AS&t  ripplmg,  the  flax-raiser  will  pevodve  that  he  ie 
aUe  to  assort  each  siie  and  quality  of  the  flax  by  itsdf  mora  enctly  tliaii 
he  coold  before  have  done  it. 

The  haiid  aud  foot  methods  of  breaking  and  scotching  the 
flax  are,  however^  too  tedioas  in  their  operation  to  give  aatis- 
fietctioo  to  the  manu&cturerB,  in  the  present  advanced  state  of 
mechanical  science;  consequently  mills  have  been  con-> 
structed^  by  which  these  preparatory  operations  are  much 
facilitated. 

,Flax-miJh  are  constructed  in  great  variety ;  but  bne  of 
the  best  vnAi  which  we  are  acquainted  is  described  in  Gray* 9 
Experienced  Millwright,  in  nearly  the  fjllpwing  terms  :— ^ 

Fig.  440  is  the  pbm.  A  A,  the  water-wfieel;  CC^  the  shaft  er  axle 
upon  which  it  is  fixed;  BB,  a  wheel  fastened  upon  the  same  shaft^ 
containing  102  teeth,  to  drive  the  pinion  D,  having  25  teeth,  whidi  i^ 
fixed  upon  tiie  middle  braistng-roller ;  £,  si  pinion  in  whidk  are  10  teeth, 
turned  by  the  wheel  B,  which  is  iastened  upon  the  under  end  of  the 
perpendicular  shaft  that  carries  ^e  scotcbers;  MM,  the  large  frame  that 
supports  one  end  of  the  shaft  C,  and  the  perpendicular  axle;  N  N  ara 
frames  in  which  die  rollers  turn  tiiat  break  or  bruise  the  rough  flax ;  I A 
and  L,  the  madiine  and  handle  to  raise  the  shiice  when  the  water  is  to  be 
let  on  the  wheel  A  A,  to  turn  it  round ;  G  G,  doors  in  the  side  vralls  of  the 
mill-hoose ;  I K,  windows  to  lighten  the  house ;  H  H,  stairs  leaditfg  up  to 
the  loft. 

Fig.  441  is  the  elevation,  A  A,  the  water-wheel  upon  its  ^aft  CC,  on 
wkkm  shaft  the  wheel  BB  is  also  fixed;  this  latter  wheel  centaining  loa 
teeth,  to  tarn  the  wheel  £,  having  25  teeth,  which  is  fastened  upon  the 
middle  braising-rollei.  FF  is  a  vertical  shaft,  upon  the  lower  end  of 
which  is  fixed  a  pinion  having  10  teeth,  which  is  ariven  by  the  wheel  B^ 
There  are  two  arms  that  pass  through  the  shaft  F;  and  upon  these anns are 
fittteosd^  with  screwed  ipoa  bolts,  the  scotches  that  deer  the  refefBoffthe 

2»2 
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tm.  DD,  the  fnmm  whica  support  oim  end  of  the  nle  C,  dit  veftfcsT 
fhaft,  and  the  breftking-roUers ;  L  b  a  weight  nispended  bjp  a  rope^  thr 
cthereiKtof  whichi^mtenedtnabearer,  asis  seeniiiiff.449;  SS^atever, 
the  ahoit  arm  of  which  is  attached  to  the  frame  that  tiM  godgttOM  of  the 
upper  roller  tarn  in  ;  and  by  poshing  down  the  lonjg  arm,  the  upper  roller 
is,  when  neeessaiy,  so  laised  as  to  be  dear  of  the  middle  one.  N  ff,  the  end: 
walk  of  the  mill-hoose ;  K  R,  the  couples  or  frame  of  the  roof;  H,  a  door  as' 
the  side  wall ;  I  K,  windows. 

Pig.  442  b  a  tectum.  A  A,  the  great  water-wheel  fixed  upon  its  shaft, 
and  containing  40  aws,  or  float-boards,  to  reeeive  the  water  which  com- 
mimicatesmotion  to  the  whole  machinery.  B  B,  a  wheel  listened  upon  the 
same  axle,  having,  as  before  mentioned,  t02  cogs,  to  drire  the  wheel  C,  of 
35  teeth,  which  b  fixed  npon  the  middle  roller.  No.  1.  The  thick  part  of 
thb  roller  b  fluted,  or  rather  has  teeth  all  round  its  drcusofenBee;  those 
teeth  are  of  an  angular  form,  being  broad  at  their  base,  and  thiastr 
towards  their  outward  extremities,  wlucfa  are  a  little  rounded,  to  prevent 
diem  from  cutting  the  flix  as  it  passes  through  betwixt  the  roHera.  The 
other  two  rollers,  Nos.  2  and  3,  hare  teeth  in  them  of  the  same  form  and 
stae  as  those  in  the  middle  roller,  whose  teetb^  by  taking  into  those  of  these 
two  rollers^  turns  them  both  round.  The  rough  flax  b  made  up  into  aoiall 
parcels,  which  being  introdticed  betwixt  the  middle  and  upper  rollers,  pass 
round  the  middle  one;  ami  thb  either  hariag  rolleci  placed  on  its  oflhside, 
or  being  eadosed  by  a  curved  board  that  tarns  the  flax  out  betwixt  the 
middle  and  under  rollers,  when  it  b  acain  put  in  betwixt  tiie  middia  and 
upper  one,  round  the  same  course,  until  it  be  suffidently  broken  or  softened^ 
and  prepared  for  the  scotcMng-machine.  The  botfer  in  which  the  gudgeon 
of  the  Toiler  No.  1  turns,  b  fixed  m  the  frame  at  C ;  and  the  gudgeons  of 
tfie  rotters  Nos.  2  and  3  turn  in  sMders  that  move  up  or  dowm  in  grooves  in 
ilie  framjes  SS.  The  under  roller  b  kept  up  to  the  middle  one  by  the 
weights  D  D,  suspended  by  two  rapes  gomg  over  two  sheeves  in  4he  frames 
S'S ;  their  o(her  ends  Being  fiotenea  to  a  transveiae  bearer  below  the  slidens 
in  which  the  gndg^ns  of  the  roller  No.  3  turn.  The  weights  D  D*  must  Be 
considerably  heavier  than  Ae  ander  roller  and  alidecs,  in  order  that  its  teeth 
may  be  pressed  in  betwixt  the  teeth  of  No.  I,  to  bruise  the  flax  when  passing 
between  the  rollers.  The  whole  weight  of  the  roller  No.  2  presses  on  the 
flax  which  passes  between  it  and  No.  1.  There  is  also  a  box  foied  on  the 
«pper  edge  of  its  two  sliders  to  contain  a  pared  of  stones,  or  lumps  of  anj 
heavy  metal^  so  that  more  or  leas  weight  can  be  added  to  the  rouer,  as  is 
found  necessary.  O  O  b  the  large  frMie  that  supports  one  end- of  the  shaft 
whieh  canies  the  two  iHieeb  A  B,  and  veitical  axle  F  F ;  on  the  lower 
end  of  which  b  fixed  the  pinion  tuned  by  the  wheel  B,  aod- having  10  teeth. 
In  the  axle  F  are  arms  upon  which  the  scotches  are  fiistened  with  screwed 
bolts,  as  seen  at  G  G,  ng.  441.  These  scotches  are  enclosed  in  the  cylin- 
drical box  £•£,  having  in  its  curved  sui&ce  holes  or  porehes  at  which  the 
handful  of  flax  are  held  in,  that  they  may  be  cleaned  by  the  revolviAg 
seotehers.  H  U^  the  fidl  or  coarse  of  the  water ;  { I,  the  siuioe,^  madune. 
and  handle  for  raising  the  sluice  to  let  the  water  on  the  great  vdieel.  The 
gudgeons  of  the  axles  should  all  turn  m  cods  or  bushes  of  Wass.^  K  K^  the 
side  walb  of  the  mill-house^  G  G,  doors ; '  L  L,  windows. 

Having  proceeded  thus  fiir,  the  reader  witt  bave  beoome 
acquainted  with  the  v^oiis  modes  of  preparing  flax  for  tiie 
operation  of  spinning,  which  operation,  from  the  copioua 
manuer  ia  whicb  we  have  treated  of  it  under  the  article 
CotTQN  MANurACTCJRB,  requiTcs  but  UiUe  elucidation. 
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About  the  year  1787>  Messre.  Kevdrew  and  Porthouse,  <]f 
'Darlington,  obtained  a  patent  for  spinning  a  flaxen  thread  by 
jMeanB  of  aiachinery ;  prior  to  that  time,  we  believe,  the  rocK 
and  whed,  nurioasly  modified,  occasionally  for  superior  spin* 
ners  to  form  two  tiireads  at  once,  were  universally' employed. 
In  Ireland  espedally,  even  at  the  present  day,  this  method  is 
much  practised.  The  flax,  rendered  straight  and  smooth  by 
hackling,  is  wrapped  loosely  round  the  rock,  from  which  it  is 
gradually  drawn  by  the  left  hand,  whilst  the  thumb  and 
fore-finger  of  the  right,  moistened  with  water,  are  employed 
in  adjusting  the  fibres,  and  directing  the  thread.  A  bobbin 
and  nyer^  placed  upon  a  horizontal  spindle,  serve  to  ^ve  the 
twist,  and  to  take  up  the  finished  thread ;  their  motion  is 
derived  from  a  wheel,  impelled  by  the  foot  through  a  treadle 
and  crank,  by  means  of  an  endless^band  passing  round  a 
pulley  of  much  smaller  diameter,  which  is  fixed  upon  the 
spindle* 

;  The  straighlaess  and  smoothness  of  the  fibres  of  flax,  so 
different  from  l^e  corrugation  and  adhesiveness  of  cotton  and 
wool,  with  their  extraordinary  length,  seemed  to  demand  an 
arrangement  in  machine-spinning  very  different  from  what 
has  been  already  delineated. 

In  the  patent  alluded  to,  the  hackled  flax  was  extended  upoo  a  horj- 
tontzV  frame,  at  fig.  410*,  to  he  carried  between  the  rollers  B  6,  and  afVer- 
wards  to  pass  along  ynth  the  q^inder  C,  (revolving  with  a  velocity  equal 
to  that  of  any  point  oC  the  eircumferenoe  of  B,)  und«r  several  successive 
rollers,  until  it  arrived  at  the  drawing-roUers  Vd;  the  twist  and  removal 
of  the  thread  then  taking  place  by  the  flyer  and  bobbin,  as  before  described. 
The  rollers  E,  F,  6,  H,  I,  if  of  equal  weights,  will,  on  account  of  their  re- 
Bpitetitepositioiis^  press  with  unequal  force  ;  the  one  resting  upon  the  vertex 
oT  the  cylinder  beinff  evidently  the  most  eflficacious,  and  with  the  surface 
beneatib  acting  probably  the  nart  of  a  pair  of  holdingHrollers  to  fibres  of  the 
length  of  neaily  one^ourA  ot  the  circumlerence ;  whilst  for  fibres  which  are 
longer  or  idiorter,  the  other  rollers,  according  to  their  place,  will  answer  the 
«aine jmrpose.  In  this,  however,  there  is  no  new  principle ;  and  although  ' 
fnodined,  it  amoimts  merely  to  the  operation  of  holding  and  drawing  rollers. 
Vnm  some  impediments  thrown  in  the  way  of  the  Scotch  flax-spinners  by 
-a^  patentees  before  mentioned,  they  began,  we  believe,  in  no  long  time,  to 
place  their  rollers  in  a  straight  line,  at  distances  suitable  to  the  length  of 
the  fibred.  Of  the  excellence  of  this  arrangement  a  working  model  made 
Ibr  A€  Andenonian  Institution  in  Glasgow,  in  the  year  1803,  afibided 
siilBdent  evidence. 

We  flhall  now  proceed  to  give  a  description  of  a  patent^ 
obtain^  in  the  year  1806,  by  Messrs.  Clarke  uid  Bugby, 
for  effecting  certam  improvements  in  a  machine,  intended  to 
be  woiked  bf  hand-labour,  for  the  spinning  of  hemp,  flax^ 
tow,  and  wool. 

Fig.  445  represents  an  dblique  view  of  the  firont  of  a  firame  containing 
fttk  spindles,  (but  frames  ras^  contain  an  indefinite  number  of  spin^lee.)  A^ 
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Hk  fpiadle  or  a  bowpMSiDgiltioiig^  the  w^le  firsne,  haYiiur  ten  bontt  of 
hnn  or  ctft-iioa  thereon^  esucA  about  four  inches  diameter,  eadi  boss  sopplv. 
ing  ope  n>iiidle ;  B,  a  pinion  oftwdre  leaTes  upon  the  end  of  the  spiiMUe  A, 
ioonnectea  with  the  wheel  C,  ct  eighty  teeth,  nzed  apon  the  end  <»a  amail 
iron  spindle  F»  corered  with  wood  and  extendiag through  the  whole  bma/t; 
J>9  a  daek  or  intarmediale  pinioii  o£  anyjiie  at  diacretioB,  connected  with 
another  similar  pinion,  the  latter  connected  with  a  wheel  of  120  teeth, 
which  is  fixed  upon  an  iron  spindle  G,  of  about  1§  inch  diameter,  and 
extending  through  the  whole  firaxne ;  but  the  wheels  BCD  and  £  may  be 
.varied  in  their  numbers,  to  increase  or  diminirii  the  draught  of  the  sob* 
stance  opeiated  upon,  as  may  best  suit  its  qnato  or  the  ideas  of  the  workman. 
The  pinion  B  is  so  contrived  as  to  slip  off  the  end  of  the  spindle  A,  to 
make  room  for  a  smaller  or  larger  one;  by  means  whereof  a  larger  or  shorter 
thread  may  be  spun  from  the  same  sited  rovings ;  aaaaaaaaaa  repre* 
sent  ten  roved  sfivers  of  hemp,  flax,  tow,  or  wool,  passing  between  the  mm 
spindle  O  and  rollers  in  pain  pressed  against  than  by  spiuigs  or  weights  ; 

to  hold  back  the  sliTers 


these  springs  or  weights  must  be  of  sufficient  force 

or  rovings  so  secnrdy,  that  they  may  only  pass  on  with  the  moTemeut  of 
the  spindle;  these  pairs  of  pressing  rollers  are  placed  bdhid  the  spindle. 
^e  use  of  the  small  iron  spindle  F,  covered  with  wood,  and  left  rath« 
larger  than  the  spindle  Xr,  is,  with  pressure  of  the  small  wood  n^er,  made 

Si  in  pairs  bbbbb^  and  so  contrived  tet  each  pair  may  roll  upon  two 
vers,  to  bring  them  down  straight,  and  preserve  the  twist  whidi  they 
nceive  in  the  roving-madiine  till  the  sliveis  leave  them.  Hie  bosses  on  the 
spindle  A  have  likewise  wooden  roUers  in  pairs  pressed  against  them  by 
springs  or  weights,  between  which  the  drawn,  lengthened,  or  extended  slivers 
pass  to  the  spindle,  the  rollers  having  eadi  a  tin  oonductor  eeeeecteet^ 
to  bring  the  material  under  opeiation  as  centrically  as  possible  between  the 
^wood  rollers  and  the  bosses;  but  all  the  above-mentioBed  jMurts  of  the 


machine  is  so  simihur  to  the  common  upright  fiames  for  spinnfng  flax,  that 
a  person  conversant  with  them  will  not  oe  at  a  loss  to^  maice  it  all.  H  is  a 
Wheel  of  wood  four  foet  in  diameter,  having  its  rim  about  two  inches  thick, 
with  a  groove  in  its  periphery  for  a  small  cord  or  band.  In  its  centre  is  a 
rule  or  stock  of  wood  trough  which  the  ipindle  I  passes,  and  extends  into 
its  frame  about  one-fourth  of  its  length.  To  enable  the  penon  that  turaa 
the  winch  to  teach  all  the  spindla  at  woric,  vrith  the  hand  that  is  not 
engaged  in  turning,  to  remove  any  obstade  that  mi^  arise  to  dw  spindles^ 
the  arbor  or  spintfie  of  the  wheel  I  haa  its  bearing  on  tha  sides  of  the  frame 
(hat  contains  it,  marked  LLL L;  this  ftame,  vrith  the  wheel H,  the  arbor I^ 
and  the  winch  K,  is  similar  to  that  part  of  a  madiine  called  a  mole-jainyy 
used  for  spinning  cotton ;  this  frame  is  supported  in  a  horiaontal  — ^"^ — 


at  the  outer  end  by  two  legs  maiked  M  M,  and  a  screw  pin  whidL  paaaea 
through  K,  the  front  upright,  a  A,  fig.  444,  and  made  tight  vrith  the  thumbs 
screw  a ;  thie  screw  passes  through  a  groove  or  mortise  at  the  end  of  the 
wheel  frame,  to  enable  the  workman  to  adjust  the  whe^  N  and  O,  as  it 
will  be  found  necessary  to  diange  the  wheel  N,  to  make  such  alteration  in 
the  tiriat  as  the  siae  .of  the  yam  may  require,  or  as  the  woikman  may  think 
proper.  P  and  Q  are  "bevd  wheds  of  equal  siae,  the  fonner  fixed  vpoa 
the  rule  or  stock  of  the  wheel  H,  andcoonected  with  Q  upon  the  spindle  R, 
taking  roqud  with  it  the  wheel  IT,  which  is  connected  with  the  wheel  O. 
Upon  the  embossed  ^ind&e  or  aibor  A,aaaaaaacaa,  are  spindiei 
standing  on  a  carriage  irith  hat  wheels,  similar  to  the  carriages  used  in 
mule-jennies  ffbrVpinningootton,having  at  each  of  them,  at  if  diftfif  if  if  4tfd; 
a  convex  seat  of  wood  of  any  convenient  sise,  not  less  than  the  bottom  of 
Ae  bobbins  or  qiqUs  g0€ 000€4  $ # ;  these  bobbins  or  quills  are  about  sis 
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iachfls  tong  and  1}  indi  ditm^ter  at  the  bottom,  and  three^iuftrters  of  an 
indi  diainHffi  at  the  top;  but  the  sizes  must  be  varied  according  to  the 
size  of  the  yam.  Perhaps  four  or  i&Te  rariations  nvill  be  sufficient  to  spin 
yam  for  tarpaulins  or  sail-cloth,  \xf  to  fine  yarn  fit  for  good  dowlas  and 
fine  stockings.  T  a  pulley^  over  which  a  band,  from  S,  mns  and  returns,  to 
draw  t>nt  the  carnage  upon  the  four  wheels  described;  W^  the  cylinder 
which  drives  the  spindles. 

JFiff.  444  exhibits  a  side  view.  A,  the  wheel  mentioned  abore  in  •^.  445» 
and  mere  marked  H ;  B,  the  winch  by  which  it  b  turned  by  hand ;  CC  C  C, 
the  inune  wherein  it  vroiks;  D  and  E  are  blocks  of  wood  on  each  side  of 
-  the  raid  fiane  to  raise  the  whe^,  so  thai  the  winch  may  be  clear  of  the, 
carriage  FF,  and  apjparatus  6G;  the  two  end  wheels  upon  the  carriage 
•containing  the  spindles  having  two  more  corresponding'  on  the  opposite 
side  thereof.  H^  a  groove  upon  the  end  of  a  ^linder,  which  drives  the 
spindlesy  and  streldies  through  the  carriage  frame^  for  Ae  diameter  of 
which  no  certain  role  can  be  laid  down,  as  it  depends  upon  the  length  or 
size*  of  the  yam,  taken  into  account  with  the  other  parts  of  the  machinery^ 
lfNNNNNN,asma]l  band  passing  over  the  wheels  A  K»  H I L  and  M^ 
by  which  the  groove  wheel  H  and  its  cylinder  are  moved,  and  the  spind|ei 
driven.  O  a  treadle  shaft,  represented  by  S  S,  in  fig.  446,  passing  jmrough 
die  frame  or  part  thereof  at  uie  optica  of  the  iroriunan,  connected  with  a 
tumbler  at  the  end  of  the  embossed  spindle  or  arbor  A,  in  fig.  445,  by  a 
small  band,  wound  five  or  siix  times  round  each  of  them,  and  passing  over 
the  wood  groove  wheel  Q,  and  made  ^t  to  Uie  back^^the  qarriaige  ^F^ 
this  tDmb]«>,  by  the  motion  of  A,  is,  at  the  return  jof  the  carriage,  locked 
to  the  wheel  R;  and  unlocked  when  the  eairiage  is  not  lo  it»;destined  place 

The  carriage  is  drawn  on  W  the  weight  of  S  fiistened  to  a  cord,  which 
passes  awet  ue  groove  wheel  %  and  is  connected  with  the  front  of  the  caf*- 
riage;  U,  the  wheel  on  the  arbor  containing  the  holder  shovcn  in  fig.  44$. 
V,  the  cylindrical  roller  on  a  stirt  fixed  therein,  and  rotting  at  every  return 
of  the  carriage  on  the  plane  W  and  X,  which  raises  and  falls  the  fidlers  and 
holders,  so  as  to  distriWe  the  yam  upon  the  bobbihs  from  top  to  bottom^ 
the  vfheels  YZ,  A  9,  and  B  2,  are  the  same  wheeb  shown  by  J3,  C>  D,  and 
.£,  in  fig.  445 ;  1, 2^  Ice.  spools  ooataiaiDg  the  nmngs.- 

Tbb  machineij  is  odeulated  to  save  the  heavy  expense  of 
•enrreiits  of  water,  erectibg  spacious  buUdings^  waterworks^ 
steam-eDgcae,  ftc.  and  to  qpia  hemp,  ^ax,  tow,  and  wool,  at 
sach  aa  easy  expense,  as  to  brii^  k  within  the  reach  cf 
^small  manumctonea.  This  madiinery  is  also  constructed 
upon  Bttch  safe  and  simple  principles,  that  no  length  of 
«xperienee  b  necessary  to  enable  even  children  to  work  it^ 
and  the  use  of  water,  steam,  &c.  being  rendered  unnecessary, 
it  occupies  so  little  space,  that  it  may  be  placed  in  smw 
•rooms,  oat-buildings,  or  other  cheap  plades.  To  effect  the 
jiboTe  purpose,  it  was  necessary  to  get  rid  of  the  lanier  or  flyer 
upon  the  spindle  used  in  the  old  machinery  for  spimung 
Hemp  and  flax,  which  requires  a  power  in  proportion  of 
5  to  1,  and  to  surmount  the  difficulty  that  arose  from  Ae 
inuit  of  elasticity  in  these  substances.  This  want  <tf  elasti- 
city in  the  substance  to  be  operated  upon^  is  compenoated 
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find  provided  for  in  this  machinery ;  and  npon  thia  aompenaa* 
tkm  and  provision,  effected  by  tl^  various  means  hereafter 
mentioned^  the  retoni  of  the  carriage  without  any  assistance 
^m  the  work-person,  and  the  traverse  for  distributing  tba 
pm  upon  the  bobbins  or  quills,  lay  the  stress  upon  the 
patent.  T|^e  most  simple  mode  of  compensating  the  want 
pf  elasticity,  and  which  is  recommended  in  preference  to  the 
pther,  is^that  of  having  a  holder  of  large  wire  for  every 

2 indie  fixed  in  an  arbor  or  shaft  extending  from  one  end  of 
e  can^age  to  the  other^ 

This  arbor  or  shaft,  with  the  holders,  may  be  considered  as  a  larg^  and 
impTOTed  substitute  for  what  is  called  a  faller  in  the  mule-jennies  for  n>in* 
oins  cotton,  fig.  443.  Let  A  represent  the  arbor  or  shaft,  b^bbbbbbkh 
the  holders  fixed  tbefein  with  the  elliptical  eyes,  through  eadi  of  which  % 
thread  passes  from  the  bosses  on  the  aibor  A,  in  fig,  445,  to  its  spimlle. 
B,  a  Spindle,  which  may  be  from  10  to  13  inches  loag.  C,  the  whirl, 
wherein  a  small  worsted  band  from  the  cylinder  U,  fig.  444,  works  D,  ^ 
conTCz  feat  upon  the  spindle,  whereon  the  concave  bottom  of  the  bobbin  or 
quill  £  rests. 

F,  a  piece  of  buffilo  eldn  or  metal  screwed  or  nailed  to  the  rail  I»  haTing 
a  hole  m  it,  through  which  the  spindle  passes,  and  by  which  it  iB  kc^ 
steady  •  Q,  a  wire  bent  at  right  angles  at  0,  and  the  b^t  part  drtren  into 
the  rail  A,  so  that  it  may  be  remored  to  or  from  the  whin  C,  and  by  the 
other  crook,  6,  prevent  tlie  spindle  finom  running  out  of  Kks  step  H,  which  is 
a  screw  of  brass  or  other  metal  passing  through  the  rail  K.  The  wire  of 
which  tbe  holder  \m  aude,  after  forming  &e  eUiptieal  eye,  is  left  or  extended 
b^ond  the  uppemoet  part  at  e,  that  £e  Tarn  ma^  be  conveniently  slipped 
in  when  occasion  may  require  it ;  these  Iiolders  lor  each  thread  are  for  the 
{yuipoaes  of  keeping  the  yam  in  a  state  nearly  vertical  over  the  tops  of  the 
•pindles  when  ^e  carnage  which  contains  them  is  coming  out,  and  being  re- 
leased from  that  situation  at  the  beginning  of  the  carriage's  r^uroy  and  thrown 
jnto  nearly  a  horizontal  position,  sp  as  to  bring  the  varn  beW  the  top  of 
the  bobbins  or  quills  lipon  the  spindles ;  and  then  being  curved  and  raised 
again  by  the  wheel  U,  and  its  cylindriod  roller  moving  upon  the  plane  W 
and  X,  fig.  444,  distributes  the  yam  upon  the  bobbijui  or  quiU^,  an4  mr 
vents  it  from  cockUng,hink]fngy  or  i^iproperlydoubling  or  twistpg  togemw. 
Ibe  seats  upoi^  the  spindles  descriMd  oy  X),  are  turned  convex,  and  the 
bottoms  of  tne  bob^ints  and  the  bottoms  of  the  quills  concave,  to 'keep  the 
bobbins  or  quills  in  a  more  central  state  upon  the  seats.  fbeomicaVifty  of 
Hhe  bobbins  or  ouills  exceeding  the  convexity,  throws  tha  weight  of  the 
Jbobbins  or  quills  upon  the  peripheries  or  extremitief  al  the  seats,  and 
/eapures  the  rotary  motions  of  the  bobbins  o^  quills  with  that  of  theii 
^pyidW*  ^6  prefer  the  convex  and  concave  surfeces  before  described; 
but  bth^  surfiices  will  have  nearly  the  same  effert,  if  so  contrived  (aa  thc^ 
easiW  may  be)  to  bear  upon  the  peripheries  or  extremities  of  the  seats  as  wttl 
as  ot  the  bobbins  or  auills.  Hie  h(ue  through  the  bobbin  or  quill,  fig.  44^ 
is  rather  larger  than  the  spindle,  that  it  may  not  be  obstracted  in  its  motion 
round  the  spindle,  which  motion  takes  place  at  every  return  of  the  carriage, 
Jand  as  often  as  any  thinff  obstructs  the  coming  forward  of  the  sliver  of 
iHrhidi  the  yam  is  formed.  At  one  end  of  the  aibor  v?hereon  the  holdae 
fn  fixe^  is  a  counterpoise  L>  fig.  443,  having  3^  fpj^et^.and  pna4e  fiut^ 
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tlM  «bor  hf  m  tl»mb-witw  m,  tiie  nKind  ImOI  at  tlM  Id^  beiag  led  to 
€OMwHrWOTfff  the  Md<W'  Ibu  countetpotte,  when  the  |K)kl«s  «m  in  a 
rwilinX  nk^,  dediaes  about  10  or  15  dcgreei  towards  thi  horaoa,  but 
when  Uie  holden  are  thrown  down,  and  under  the  government  of  the  eylin- 
drical  ndler  V,  upon  the  wheel  U,  is  in  a  different  situation ;  but  the  roller 
Vy  anhring  at  B  3,  ttf.  444,  on  the  return  of  the  carriage,  the  holders  are 
pradpitatad  to  a  height  where  the  countev|«iae  overbalances  them,  and 
locks  tha  wheel  M,  ^.  443,  or  U,  in  fig.  444,  in  the  ratldiet  n,  where  it 
Temains  nntU  the  carriage  has  reached  iu  destined  place,  where  the  tail  of 
the  catch  O  strikes  against  a  pin  in  the  frame  C  C  C  C,  fig.  444,  and 
Teleasas  it,  the  said  idler  then  resting  upon  the  frame  U  X.  A  second 
method  of  compensating  and  providing  for  the  want  of  elasticity  in  hemp 
and  flax,  wfucn  is  a  part  of  the  discovery,  is,  to  fix  a  round  bar  of  wood, 
about  If  inch  in  diameter,  the  whole  lengUi  of  the  carriage,  about  three  or 
four  Inches  above  the  tops  of  the  spindles,  so  that  the  outer  surface,  or  that 
next  the  wotk-person,  may  be  perpendicularly,  or  nearly  so,  over  the  tops 
of  the  spindles,  the  inner  side  havme  pieces  of  wood  or  metal  nailed  or 
o^rwite  fiyed  thereto,  leaving  only  small  spaces  between  each  for  the 
yam  to  pass  through ;  the  use  of  these  pieces  is  to  prevent  the  threads 
gettins  tof^hcr  and  entangling,  see  fig.  447.  A  A  A  A  represents  a  com- 
mon fitter  used  in  the  mule^ennies  for  spinning  cotton  with  counterpoise  B, 
wheel  C,  with  its  cylindrical  roller  D,  vrith  the  plane  W  and  X,  before 
d«acitb«d  by  figs.  445, 444,  and  443.  £  £,  spindles  with  their  whirls,  con- 
Tfv  aatts,  bobbins  or  (piills,  with  their  concave  bottoms,  FFFFFFFFFF 
|he  meccs  of  wood  or  meial,  nailed  or  otherwise  fiistened  to  the  round  piece 
•f  wood,  to  prevent  the  thread  getting  together.  In  this  case  every  Uung 
applM  to  or  used  with  the  aibor,  containing  the  holders  above  mentioneo, 
Ifiw  be  applied  or  used. 

4  thtrd  method  of  compensating  the  want  of  elasticity  in  hemp  and  flax, 
ivhiebthe  patentees  describe  as  a  part  of  their  contrivance,  invention,  and 
discovery,  is  the  fixing  each  spindle  in  a  small  frame  A  A,  fig.  448 ; 
I,  a  step  of  brass ;  C,  a  common  made  spindle,  with  its  whirl  D ;  £  and  F 
tam  ttirta  of  iron  fixed  one  on  each  side  of  the  frame  A  A,  equally  in  a  tine 
with  the  groove  in  the  whirl  D,  and  movins  in  holes  in  two  cheeks  gg, 
^wlened  mto  the  rail  H,  on  the  small  frame  A  A.  On  the  back  side  thereof 
aext  to  Ae  cylinder,  is  a  small  roller,  moving  on  two  pivots,  so  planted, 
A«t  when  the  spindle  is  in  an  upright  position,  the  bana  from  the  cylinder 
^rUdi  drives  it  may  just  ran  frc«  of  it,  and  as  the  spindle  frame,  A  A,  is 
kept  to  the  rail  I  by  a  tender  spring  made  of  wire,  wound  round  a  pin 
.abovt  half  an  inch  in  diameter,  that  the  spindle  may  yield  to  the  yam  in  all 
cases  when  necessary,  the  said  roller  is  to  prevent  the  band  which  drives 
the  spindle  out  of  the  whirl,  when  the  spindle  leaves  its  vertical  position. 

Fig.  449,  a  side  view  of  the  little  frame  in  fig.  448 ;  A  the  frame,  B  the 
spiafie,  C  the  whirl  therein,  D  the  end  of  the  roller  and  one  of  its 
svpporters.  This  apparatus  requires  the  fidler  last  mentioned  and  described 
by  ng.  447,  with  its  appenda^  for  laying  the  yam  upon  the  spindles,  no 
seat  on  the  spindle  or  bobbin  in  this  case  being  wanted,  nor  any  more 
than  a  ihin  piece  of  paper,  otsomethina  thin,  round  the  spindle,  to  enable 
the  splmier  to  take  the  yam  off  with  safety  and  care.  A  f^rth  and 
lastFmentioned  mode  of  compensating  and  providing  for  the  want  of  elasti- 
cinria  hemp  and  flax,  and  preventing  breakages  and  other  accidents  from  any 
tig^itness  in  the  yam,  occasioned  by  any  obstruction  or  other  circumstance, 
and  which  is  part  of  this  invention  and  discovery,  is,  by  driving  the  com- 
noD  mule-spindle  with  a  slack  band,  having  the  yam  to  pass  over  the 
fiMan  described  in  fig.  443.  or  over  the  round  bar  described  in  fig,.  447^ 
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with  all  the  other  «pparatiui  for  laying  the  yum  upon  the  •pi1ldk^  <»• 
This  fast  method  cannot  he  used  to  advantage  in  any  ease,  bat  may  ba 
inbftitiited  for  either  of  the  three  methods  deachbed  above  for  spinning 
yam  for  sail  doUM,  sackings,  tarpaulins^  or  other  coarse  or  heavy  goods. 


WEAVING. 

In  the  preceding  articles,  cotton,  wool,  silk,  and  flax,  we 
"\  have  traced  the  process  of  forming  the  four  commonest  fibrous 

materials  to  the  state  of  thread  or  yam,  and  now  purpose, 
in  general  terms,  to  treat  of  their  further  destination  in  the 
formation  of  the  various  superficial  structures  termed  web  or 
cloth. 

Hie  structures  which  come  under  the  name  of  cloth  are 
formed  of  two  distinct  layers  of  yams,  generally  crossing  each 
other  at  right  angles,  termed  the  warp,  and  the  woof  or  weft^ 
and  as  all  cloths,  however  varied,  are  constracted  of  these 
two  distinct  portions  of  threads,  tiie  mind  wiU,  when  made 
to  comprehend  the  mode  and  form  of  loom  ulred  in  the  weav-^ 
.  ing  of  one  material,  be  able  easily  to  conceive  its  application 
to  other  sorts,  varying  only  in  dimensions  and  strength, 
according  as  the  weight  of  the  yam  or  size  of  the  cloth  may 
demand. 

Prior  to  commendng  the  weaving  of  any  material,  it  ii& 
necessary  to  prepare  the  vam  for  the  loom,  one  procesa  of 
which  preparation  is,  in  feet,  the  measuring  and  arrangiiig 
the  threads  that  are  to  compose  the  warp  in  a  pandlel  direc- 
tion, teraied  warping* 

The  warp,  or  that  layer  of  threads  which  extends  the  length 
of  the  piece  to  be  woven,  requires  the  most  attention  in  the 
preparation.  To  form  a  warp,  it  is  necessary  to  be  very 
particular  in  the  number  and  quality  of  the  yams ;  tor  Upon 
their  fineness,  lengthy  and  breadth,  depend  the  fineness^ 
length,  and  breadth  of  the  piece  to  be  woven.  Though  this 
may  appear  a  very  simple  operation,  yet,  the  perfotmiag  of 
it  with  expedition  and  accuracy  demands  some  mechaiacid 
skill.  The  machine  for  effecting  this  object  is  termed  the 
tvarping-mill,  and,  though  considerably  larger,  may  be  com- 
pared to  the  reel  described  in  the  cotton  manufiictnre :  Imt 
the  spindle  upon  which  it  revolves  is  placed  pa-pendlcnhiiy. 
The  reel  cannot  easily  be  made  of  such  dmieiisions  that  a 
thread  measured  upon  its  circumference  shall  be  equal  to  the 
required  length  of  the  warp ;  and  consequently  the  layer  of 
yarns  is  placed  in  a  direction  parallel  to  the  axis  of  Ae  red^ 
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«nd  womid  tmbn  it  in  a  Sj^iral  direcftion  tUF  diey  ari^Te  at  the 
upjper  end,  ulieii  the  motions  of  the  mill  and  t^e  yarns  are 
Teveiaed,  and  a  fresh  layer  is  placed  upon  the  same  parts  of 
the  reel*  By  this  method  of  plyine  the  layers  of  yam,  it  is 
obvious,  that  a  small  number  of  ends  may  be  doubled  so  as 
to  form  the  required  breadth  of  the  Trarp.  If  the  twist  fg 
spun  on  cops,  it  must,  prior  to  warping,  be  wound  on  bobbins, 
which  bobbins  are  placed  in  a  mime  to  be  wound  off  upon 
the  warping-mill. 

The  next  ojperation  to  be  effected  in  the  manufacture  of 
cotton  goods  IS  that  of  dressing  the  warp;  that  is,  impreg- 
nating it  with  certain  gummy  or  gelatinous  matter,  and  coating 
the  sur&ce  of  the  yams,  to  enable  the  warp  to  sustain  the 
abrasion  to  which  it  is  subjected  in  the  process  of  weaving, 
as  will  be  seen  when  that  process  is  described.  In  preparing 
the  wool  and  silk  yarns  for  the  looms,  dressing  is  in  generd 
only  required  for  the  finest  sort,  when  a  little  mucUage  of 
gum  arable,  or  of  jelly  made  from  rabbit  or  other  light  skins, 
is  used  to  increase  in  a  slight  degree  the  tenacity* 

As  it  is  of  considerable  importance  in  the  dressing  of  warps 
to  have  the  materials  dispersed  equally  over  the.  surfaces, 
many  ingenious  mechanics  have  constructed  machines  for  that 
purpose ;  the  general  principle  of  which  are  the  placing  of 
the  warp  on  a  roller,  and  immersing  it  in  the  mucilage^ 
which  aUows  it  to  be  drawn  off  covered  with  mucilaginous 
matter.  Hie  superfluous  mucilage  is  bmshed  off,  and  the 
yam  is  put  in  a  frame^  and  by  means  of  revolving  fans  is 
dried  and  rendered  fit  to  be  put  in  the  loom.  In  cases 
where  the  manufacturer  operates  separately,  the  weaver 
dressea  the  wai^,  by  extendmg  and  carefully  brudiing  it  over 
with  paste,  and  drying  it  in  the  air,  prior  to  placing  it  in  the 
loom. 

Befcnre  we  proceed  to  give  a  description  of  the  looms  used 
in  the  manuracture  of  doth,  it  is  j^qu^site  that  the  reader 
flboidd  be  acquainted  with  the  various  sorts  of  structure  arising 
from  the  different  dispositions  of  the  warp  and  weft,  termed 
&bric. 

The  simplest  mode  of  disposing  of  the  warp  and  weft  is 
ealled  conunon  &bric ;  and  taking  into  account  the  quantity 
of  jam  used  for  a  given  superficies  of  doth,  is  certainly, 
80  nr  as  respects  its  strength  and  durability,  the  most  advan- 
tageous mode  of  distributing  it* 

Fig.  413  is  a  section  of  a  piece  of  doth  wove  in  the  common  fkbric. 
The  drdes  represent  the  warp  in  section,  and  the  weft  is  seen  passing 
alternately  above  and  below  eacb  succeeding  yarn,  ai4  the  return,  or  next 
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Ujer  ofw«fty  paMtng  boieaih  Aote  thseads  over  wfaidi  it  IhhI  puMd  before, 

Fig.  413  represents  a  section  of  a  piece  of  cloth  wove  to  a  twStod 
pattern.  In  tms  the  yam  of  the  weft  passes  alternately  over  four  and 
onder  one  of  the  Uureads  of  the  warp,  and  vice  oersd  in  its  retnm.. 

Fig.  414  represents  the  section  of  a  dimity  or  kerseymere,  in  which  the 
weft  passes  orer  four  and  under  four,  then  over  one  and  under  four,  and 
r  nmr  ani' 


over  nmr  and  under  one,  which  places  it  in  a  position  to  begin  again ;  when 
thepa&sage  of  the  weft,  as  it  regards  the  warp,  is  exactly  reversed. 

Iig.  415  shows  the  eonstruction  of  a  double  doth  woven  with  two  warps. 
This  mode  of  weaving  is  mostly  applied  to  the  construction  of  carpets,  and 
the  transposition  of  the  colours  in  tne  pattern  arises  from  it  All  the  divera 
modes  ut  passing  the  weft  among  the  warp  may  be  introduced  in  this 
fi^pre,  and  whatever  is  effected  with  one  web  of  warp  is  alternately  eflbctcd 
with  the  other,  as  may  be  seen  by  the  figure.  It  is  therefore  easy  to 
conceive,  that  all  the  various  patterns  in  woven  goods  are  obtained  by 
diffirently  disposing  of  the  warp,  that  is,  lifting  a  greater  or  smaller  quan- 
ta of  it  at  a  time,  which  places  the  weft  on  either  surfoce  of  the  dodi  at 
pleasure. 

The  common  loom,  or  that  which  is  destined  to  weave  elo&  of  th* 
eommon  fobric,  is  the  most  simple  in  its  oonstructkm,  as  the  mode  of  tifttng 
and  depressing  the  portions  of  the  vrarp  are  similar  at  each  throw  of  the 
shuttle.    A  top  view  of  a  loom  of  this  description  is  given  in  fig.  416. 

Aisavrarp. 

B  a  roller  upon  which  the  warp  is  wound,  called  the  yam-beam,  and 
applied  to  maintain  the  warp  in  a  stretched  position  by  means  of  a  levw 
passing  through  one  of  its  ends  and  tightened  with  a  string,  as  will  be 
more  deariy  understood  by  referring  to  the  perpendicular  section  at  No.  2 
of  this  figure. 

C  C  C  are  rods  placed  between  the  threads  of  the  vrarp  to  keep  them 
separate,  so  that  they  msy  pe^a  forward  dear  of  eadi  other,  when  ths 
warp  is  fed  forward  and  filled  with  the  weft,  Aese  rods  are  at  difiocent 
periods  moved  towards  the  warp-roller  B. 

At  D  are  the  heald  or  heddles,  formed  of  two  rods,  one  above  and  tlie 
other  bdow  the  piece,  and  connected  together  by  numerous  sttinffS^ 
through  which  distinct  portions  of  the  warp  pass,  and  by  means  of  the 
treadles  below  are  lifted  and  depressed.  A  deladhed  view  of  two  leaves  of 
ft  heddleis  represented  in  section  in  fig.  417. 

a  a^  a'  a*,  are  the  top  and  bottom  bars,  and  the  two  lines  tfi  tf>  represent 
two  a^iacent  varus  of  the  vrarp,  so  that  when  a  a  rises  it  carries  with  it 
one  thread,  while  the  other  thread  which  is  passed  through  ^  lower  loop 
of  this  heddle  is  depressed  by  the  other  heddles.  Ibe  next  put,  £»  fig.  416, 
is  aframe  to  carry  the  reed, called  the  lay.  A  portion  of  the  reed  is  showu 
deladied  in  fig.  418.  It  is.  exoept  when  used  in  doth  of  the  coarsest 
description,  formed  of  flatted  vrires,  placed  parallel  to  each  other,  and 
{;overoed,  as  to  their  thickness  and  adjacency,  oy  the  fineness  of  the  fofaaic 
in  which  they  are  to  be  used. 

the  lay,  fig.  416,  which  carries  ^  reed,  is  hung  firom  a  bar  capable  of 
vibratia^  on  gudgeons  in  the  upper  ftame  of  the  Ipom.  The  two  thin 
.  elastic  pieces  of  wood  which  suspend  the  lay  are  caUed  swords,  and  mav  he 
seen  at  P,  F>,  fis.  419.  Ibe  reed  thus  hung  is  just  beybnd  «he  linew  the ' 
shuttle-fli^t,  and  has  one  or  two  threads  of  the  vrarp  passed  betweem  eMh 
of  its  wires,  which  wires  are  termed  dents.  Its  use  is  to  strike  honae  the 
thread  of  the  weft  immediately  after  it  has  been  delivered  by  the  flight  of 
the  shuttle;  it  i9  therefore  pushed  by  the  ^ ^-  ''^ '^  — 


\  weaver  towards  the  yarx^-b«am» 
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|iftortoeMli  t^of  thethutUeyaiidwhen  tkewcfthwbeMddivttred,  it- 
u  idlowed  to  return  and  strike  home  that  individual  thread. 

The  next  part  of  the  loom  is  the  sbuttle-boxes,  which  an  plao^  at  F,  F^ 
In  wearing  narrow  goods,  the  shuttle  is  passed  between  the  wup  by  tha 
hands  of  the  weaver,  but  when  the  doth  is  fine,  or  of  a  breadth  to  predade 
thia  mode,  the  fly<4huttle,  whidi  is  much  more  compact,  and  has  a  spindla 
to  carry  a  copupon  it,  is  introduced.  This  form  of  shuttle  is  represented 
in  fie.  420.  The  shuttle  with  its  cop  is  placed  in  the  shuttle-boz,  which  is 
of  dimensions  just  sufficient  to  reoeire  it.  In  fig.  419  is  represented  tha 
read  and  lay  at  F*  F*.  The  shuttle  is  driveti  to  the  opposite  boxes  by 
means  of  a  small  piece  of  wood,  called  a  driver,  which  lies  behind  tfaie 
simttle  in  eadk  box,  and  is  capable  of  being  swiftly  drawn  forward  by  a 
string  attached  to  it,  and  connected  with  a  handle,  G.  Ibe  weaver  holds 
the  handle  in  his  hand,  and  by  a  jerk  throws  the  shuttle  across  the  web 
into  the  opposite  box,  and  then,  by  bringing  the  lay  towards  him,  strikes 
home  the  wdft.  The  flight  of  the  shuttle  requires  adjustment  or  skill,  as 
its  impetus  must  be  proportioned  to  the  weiffht  of  the  yam  whidi  it  carries, 
and  the  freedom  with  wtiidi  the  cop  unwind. 

II  two  or  three  colours  of  weft  are  to  be  put  into  a  piece,  so  as  to  form  a 
pattern,  there  are  two  or  three  shuttles  to  be  thrown ;  in  such  case,  tba 
sbuttle4xyxes  are  formed  in  three  parts,  as  represented  by  the  dotted  lines. 
This  combination  of  shuttle-boxes  is  capable  of  being  moved  upwards  and 
downwards  upon  the  lay  bjr  the  small  levers,  H,  H,  fixed  uppp  the  swords, 
and  worked  oy  the  handle  I,  so  that  the  shuttle  to  be  thrown  may  be 
Inooght  opposite  to  the  division  in  the  warp  through  which  it  is  to  fly. 

As  the  cloth  is  perfected,  it  is  led  over  the  breast>beam  K,  fig.  416,  and 
is,  by  means  of  a  ratchet  wheel,  wound  upon  the  roller  I^  whi<»  is  termed 
the  doth-beam.  At  m  is  a  stretching-rod,  formed  of  two  pieces,  and  lashed 
vrith  a  piece  of  band,  in  such  manner,  that  the  ends  are  forced  outwards, 
as  mar  be  seen  in  the  figure.  This  rod  has  small  points  at  each  end,  whidi 
pass  through  the  selvage  of  the  cloth,  and  serve  to  keep  the  cloth  stretched, 
aa  otherwise  the  action  of  the  weft  would  occasion  it  to  pucker  and  lay  in 
hoUows.  The  weaver  sits  behind  the  breast-beam,  and  in  fine  worl^ 
where  the  breast-beam  is  dispensed  with,  behind  the  dotb-rdler. 

Such  is  the  ccnutnictioii  of  loom  used  in  plain-weaviDg; 
and  by  ezambiing  it  attentiydy  it  vnW  be  seen^  that  by  an 
additiimal  number  of  heddles  any  required  movementg  of  the 
warp  can  be  effected,  and  by  varieties  of  weft  other  dirersifi- 
cations  attained  ahnost  to  infinity.  The  greatest  eViU  required 
in  the  act  of  weavii^  by  hand  is  the  directing  of  the  flight  of 
the  shuttle,  where  the  imnetns  ^en  shoidd  just  suffice  to 
defiyer  it  in  the  opposite  hcfx.  The  staking  home  of  the 
weft  should  be  donfe  with  a  regular  force,  and  the  preparatory 
operations  carefuOy  attended  to,  that  the  warp  may  wind  off 
freely  and  regulariy  with  an  equal  tcnoon  in  ail  its  parts. 

From  an  examination  of  the  moyements  of  so  simple  a 
machine  aa  the  loom,  the  mechanist  will  instantly  concd?e 
the  practicability  of  applpng  power  to  produce  the  necessary 
movements ;  we  shall,  therdbre^  pesent  the  reader  with  two 
combinations  of  this  dass  whicn  are  called  powef*Iooms: 
Ihe  first  invented  by  a  Mr.  MiUar. 
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•  Fig.  4St  repreMntt  asection  of  %  power-loon^  in  which  dl  the  opesatum* 
tre  (Sected  b^  meant  of  treadles,  moved  by  wipen  or  ecoentrict. 

A,  the  main  shaft,  to  which  the  power  b  communicated,  canying  the 
wipen,  one  of  which  is  seen  at  A.  A^,  the  yarn-beam ;  By  three  rollers,  on 
the  lower  of  whidi  the  doth  is  wound  after  passing  above  and  between  the 
two  upper  ones ;  C,  C,  the  heddles ;  D,  D,  the  ti!ee4les»  to  which  the  heddle» 
^re  attached  by  mean^  of  a  line  passing  over  a  puUey,  in  such  marmer,  that 
tne  depression  of  one  heddle  occasions  the  rainnff  of  the  other ;  £,  ^  the 
lay  carrying  the  reed ;  the  motion  is  given  to  the  lav  by  a  wiper  moving  « 
treadle  that  is  attached  to  the  lay  1^  means  of  the  line  and  crank  at 
F.  Hie  return  motion  for  striking  home  the  weft  is  given  by  a  weight 
hanging  over  a  pulley,  as  may  be  seen  in  the  figure.  The  flight  of 
the  shuttle  is  occasioned  by  attaching  the  strings  from  the  drivers  ta 
another  treadle,  which  treadle  is  worfc^  at  the  prc^per  periods  by  another 
wiper. 

.  Another  form  of  power-loom,  called  the  crank-loom,  is 
used,  and  varieH  from  the  preceding  in  the  mode  hy  which 
the  movement  is  given  to  the  heddles*  In  this  construction 
of  loom  the  revolving  shaft  is  placed  immediately^  under  the 
heddles,  which  are  suspended  over  a  pullev  similarly  to  the 
loom  last  desrnbed ;  but  the  motion  is  given  to  them  hy 
means  of  their  being  attached  to  two  opposite  cranks  on  the 
shaft.  The  motion  is  given  to  the  lay  by  a  crank  upon  ano- 
ther shaft,  which  is  made  to  revolve  twice,  while  the  shaft 
that  moves  the  heddles  revolves  once.  By  this,  it  is  evident^ 
that  the  warp  is  opened,  and  the  shuttle  tmrown  twlce^  during 
one  revolution  of  the  first  shaft. 

The  flight  is  given  to  the  shuttie  by  the  coids  of  the  drivers  being  attached 
to  an  npright  lever,  as  represented  in  fig.  422. 

The  coras,  e,  c,  of  the  drivers  are  attached  to  the  lever,  e,  which,  by 
n^eans  Qf  the  arms,  A,  t,  is  caused  to  vibrate  in  opposite  directions  upon 
the  centre,  g,  being  alternately  struck,  by  two  prqiecting  pieces  vpon  the 
flnt  mentioned  crank-^haft,  whidi  causes  the  lever,  e,  to  vibrate  in  a  piane 
parallel  to  the  orank-ohafts,  and  gives  flight  to  the  shuttle,  at  the  period 
when  the  waip  is  opened. 

In  either  of  these  jitaas  for  working  looms  by  power^  if  the 
number  of  heddles  is  required  to  be  increased,  in  order  to 
produce  any  figure,  it  is  easily  effect^  by  varying  the 
number  and  the  pofdtion  of  the  cranks  or  wipers. 

Bht,  though  great  variations  in  the  movements  of  a  warp 
may  be  effected  by  using  many  heddles^  yet  when  the  number 
of  hedcHes  and  the  number  of  cranks  are  increased^  great 
objections  arise  to  their  being  used;  consequently^  ano- 
ther construction  of  loom,  called  the^diaw-Ioom,  is  intro* 
duced  when  complicated  figures  are  to  be  woven.  In  thia 
loom  the  changes  are  effected  by  raising  one  portion  of  the 
warp  entirely;  out  of  the  way,  while  the  other  is  wrought  by 
the  heddles  at  the  time  it  is  befalg  filled  with  the  wefk;  the 
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part  flitted  is  then  lowered  into  wori^  and  otiier  yirns  of  the 
warp  lilted  out  of  the  way. 

A  loom  on  this  principle  is  shown  in  fig.  423.  For  wewriBg  carpets  hf 
lUs  Bsetkod,  every  yarn  of  the  warp  has  a  line  attached  to  it,  which  lines 
are  branghi  together  in  one  connected  piece,  according  to  the  portion  of 
vaip  to  be  raised  at  once,  and  carried  over  the  pulleys  as  at  A,  and  attached 
to  the  fixed  beam  at  B.  Hus  portion  is  called  the  tail'.  Below  the  warp 
these  lines,  which  are  called  the  simples,  are  kept  in  a  state  of  tension  by 
weights,'  a»  atC;  and  in  order  to  keen  them  distinctly  apart,  are  made  to 
pass  throagh  a  board  perfiocated  with  holes  at  D.  Other  lines  are  attached 
to  the  tsyl,  capable  of  being  pulled  hj  handles,  as  at  B,  by  which  means, 
such  portions  of  the  waip  as  are  required  can  be  raised.  By  this  contriv- 
anoe  tne  greatest  intricacy  of  pattern  can  be  attained ;  but  the  attaching  of 
the  simples  to  the  different  parts  of  the  warp,  by  means  of  smail  ^es  of 
metal  through  which  the  thirms  of  the  warp  are  made  to  pass,  is  a  work  of 
eonsideraHe  labour.    Damask  tablfl-doths  are  prqdiified  by  this  loom. 

It  would  occupy  too  umch  room  were  we  to  enter  with 
more  exactness  into  the  great  variety  of  looms  which  ingenuity 
has  constructed ;  what  we  have  said  therefore  we  trust  will  be 
aufficiebt  to  convey  to  the  reader  a  perfect  knowledge  of  the 
(principles  of  formmg  those  various  nbrics  which  are  termed 
cloth.  In  the  weaving  of  ribands  and  other  omamentel 
worls^  many  extraneous  substances,  totally  unconnected  with 
the  warp  or  weft,  are  thrown  in,  which  Amrds  the  designers 
an  additional  scope  for  the  display  of  embellishments.  These 
substances  are  merely  held  in  the  fabric  by  tJie  intersection 
of  the  two  staple  parts,  the  warp  and  the  weft,  and  are  by 
the  weavers  denominated  whips. 

In  the  formation  of  cloth  nom  the  yam  of  cotton,  silk^ 
hemp,  and  long  wool,  denominated  worsted,  the  fitbric  when 
taken  bom  the  loom  is,  so  fieur  as  regards  the  weaving,  in  a 
perfect  state ;  the  further  operations,  both  mechanical  and 
chemical,  which  it  undergMs,  may  properly  be  considered  as 
tending  merely  to  its  further  embellishment.  These  opera- 
tions consist  generally  of  singing  the  superfluous  fibres  from 
the  surface  of  the  cloth,  by  drawing  it  over  hot  irons,  and 
after  bleaching  or  dying,  submitting  the  cotton  and  linen 
goods  to  pressure  between  heavy  iron  cylinders^  for  the  pur- 
pose of  giving  it  a  gloss,  and  the  worsted,  called  camblets  or 
stuffs,  between  warm  copper-plates,  called  hot-pressing,  to 
give  it  a  smooth  and  finished  appearance. 

In  the  formation  of  cloth  from  short  wool,  of  which  our 
wearing  apparel  is  made,  the  loom  cannot  be  said  similarly 
to  have  completed  the  operation.  In  this  branch  of  manu- 
facture, the  yarn  is  woven  in  a  common  loom  in  the  manner 
we  have  shown,  and  called  common  fabric,  but  when  the 
piece  is  taken  from  the  loom  the  web  is  too  loose  and  open^ 
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and  IB  ocnmequenilf  SBbmtttod  to  another  owsntiooi  cdM 
fulling.  The  cloth,  after  it  is,  by  repeated  washings,  devested 
of  the  oil  that  was  put  in  it  in  the  act  of  carding  the  wool, 
is  taken  to  the  falUng«iniU,  where  it  is  immersed  in  water, 
and  subjected  to  repeated  compressions  by  the  action  of  a 
large  beater  formed  of  wood,  which  repeatedljr  changes  the 
position  of  the  cloth,  and  by  its  continuous  action  causes  the 
fibres  to  feh  and  combine  more  closely  together,  so  that  the 
beauty  and  stability  of  the  texture  is  greatly  improved.  The 
cloth  is  next  submitted  to  the  dyer,  if  so  destined  ;«bnt  in 
many  colours  for  the  best  cloths  this  process  is  effected  in 
the  wool  prior  to  the  commencement  of  the  manufiusturing. 

The  doth  then  undergoes  the  operation  of  the  gig-mill, 
which  is  formed  of  a  cylinder,  somewhat  similar  to  uat  of 
a  carding-enffine,  covered  with  the  heads  or  bun  of  a  laq^ 
species  of  wstle,  called  teasels.  This  engine  is  used  to 
raise  the  fibres  or  nap,  and  lay  it  in  a  parallel  directioQ, 
which,  in  fine  cloth,  is  cut  off  by  shears,  and  the  cloth 
then  undergoes  hot-pressing  to  bring  it  into  a  state  fit  for  the 
market. 

Upon  considering  the  various  methods  of  fiibricating  cloth 
in  general,  it  may  easily  be  conceived,  that  great  scope  is 
aftmied  to  the  practice  of  dishonest  modes  of  forming  mbric 
apparently  valuable,-  such  as  the  introducing  of  weft  or  warps 
or  different  qualities  and  hiding  them  bv  Uie  mode  of  plying 
the  other  part.  In  trying  tfie  strength  of  cloth  it  should 
always  stand  both  in  the  direction  of  the  warp  and  the  weft; 
md  the  substances  of  which  all  parts  are  formed  should  be 
known  by  separate  examination,  and  not  by  mere  superficial 
innpectbn,  as  the  surface  may  easily  be  formed  to  hide 
derects,  and  display  apparent  value. 


ROPB-MAKING. 

In  rendering  the  hemp-plant  proper  for  the  uses  of  the 
rope-maker,  it  has  to  undergo  a  variet]^  of  prGCesses.  * 

The  first  of  these  is  retting,  thai  is,  exposing  it  to  tne 
action  ot  the  dew,  or  water ;  the  former  termed  dew-retting; 
the  latter,  by  which  the  finest  hemp  is  {Nroduced,  waters' 
retting.  In  both  or  either  of  these  processes,  the  quafilj  of 
the  hemp  is  said  to  be  influenced  bv  Uie  state  of  the  weather, 
and  the  finest  to  be.  produced  when  showers  have  mostly 
jpievailed. 
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la  dew-retiifig,  the  hemp-stalks,  immediately  after  being 
puUed,  are  spread  out,  in  a  thin,  even,  and  regular  way,  so 
as  to  keep  exact  rows,  on  a  fine  level  piece  of  close  old  sward 
land,  for  the  space  of  three,  six,  and  sometimes  eight  weeks, 
as  circumstances  may  require ;  during  which,  they  are  turned 
two  or  three  times  in  the  week,  according  to  the  state  of 
the  atmosphere. 

The  motive  for  thus  spreading  it  out  upon  the  ground  is, 
that  the  dew,  by  penetrating  into  the  plant,  may  render  the 
separation  of  the  rind  from  the  stem  or  bur  easy  to  be 
accomplished.  When  the  dew  has  acted  upon  it  sufficiently 
for  this  purpose,  it  is  tied  up  into  large  bundles,  and  carried 
home  and  slacked,  or  otherwise  it  is  put  into  a  covered 
building,  till  wanted  to  be  formed  into  hemp. 

This  process,  called  grassing^  requires  great  nicety  and 
attention,  that  the  texture  of  the  hemp  may  not  be  injured 
either  by  too  long  continuance  on  the  sward,  or  by  being 
removed  before  the  hempy  substance  is  rendered  sufficiently 
separable. 

In  water-retting,  the  much  more  common  and  speedy 
method  is,  to  tie  the  hemp-plant  into  small  bundles,  by 
means  of  bands  at  each  end,  and  in  general  to  deposit  it 
bundle  upon  bundle,  in  a  direct  and  crossing  manner,  in  a 
pond  of  standing  water,  to  form  what  is  called  a  bed  of 
hemp.  This  bed,  when  formed  of  as  great  a  thickness  as  the 
depth  of  the  water  will  admit,  which  some  tliink  can  hardly 
be  too  great,  though  five  or  six  feet  are  the  usual  depths,  is 
loaded*  with  large  pieces  of  heavy  wood  until  the  whole  is 
innmersed  in  the  water.  In  choosing  ponds,  those  should  be 
preferred  that  have  clayey  bottoms. 

When  the  hemp-plant  has  remained  hi  the  water  for  about 
five  or  six  days,  varied  according  tJb  the  nature  of  the  pond 
and  the  state  of  the  weather,  it  is  taken  out,  and  conveyed 
to  a  piece  of  mown  gprass  or  other  sward  land,  which  is  free 
from  all  sorts  of  imimals.  Here  the  bundles  are  untied,  and 
the  hemp-stalks  spread  out  thin,  stem  by  stem.  While  in 
this  state,  especially  in  moist  weather,  they  must  be  carefully 
turned  every  second  day,  to  prevent  their  being  injured  by 
the  worm  casts.  In  this  way  they  are  kept  for  about  five  or  six 
weeks,  when  they  are  gathered  up,  tied  in  large  bundles,  and 
kept  perfectly  dry  in  a  house  or  small  stack,  till  wanted  for  use. 
In  some  of  the  northern  parts  of  Scotland^  the  hemp,  after 
it  has  been  pulled,  and  cleared  of  its  leaves,  seeds,  and 
branches,  by  means  of  a  ripple,  is  formed  into  bundles  of 
twelve  handMs  each,  and  steeped  in  a  manner  sfimilarte  flax^ 

2b 


4lS  tHM  OFJiAATIVB  MXCUANIC 

till  its  reed  becomes  capabk  of  parting  from  the  bariL  In 
this  prnceta,  it  is  favourable  to  give  it  rather  too  much  than 
too  little  of  time ;  aod  let  it  be  observed^  that  the  mo«t 
slender  hemp  requires  the  greatest  length  of  time  in  the 
water.  Where  the  quantity  of  hemp  is  only  small,  the 
hempy  part  may  be  separated  from  the  reed  by  hand-labour ; 
but  where  it  is  large,  drying  and  breaking  it  in  the  manner 
oi  flax  is  strongly  recommended. 

After  the  hemp  has  been  taken  out  of  the  water^  it  is  not 
spread  oat  upon  the  grass-ground  in  the  way  of  flax;  buw 
set  up  in  an  inclined  position  against  cords  arranged  for 
the  purpose,  or  bv  any  other  method  by  which  it  can  receive 
the  full  benefit  of  the  air  till  it  be  perfectly  dried,  which  may 
be  known  by  its  rismg  in  blisters  from  the  boon.  As  soon 
as  it  has  been  reeded,  it  must  be  divested  ef  the  mucilaynpua 
material  which  it  contains,  by  pouring  water  upon  and  re- 
peatedly squeeang  it.  In  this  part  of  the  proce&s  great  care 
must  be  taken  to  prevent  the  fibres  from  getting  entangled, 
as  bv  that  means  great  waste  will  be  incurred. 

M.  Brealle,  on  the  Continent,  has  suggested  a  mode,  very 
different  to  any  of  these,  for  the  purpose  of  steeping  hemp, 
the  advantages  of  which,  it  is  asserted,  have  been  niUy  proved 
by  numerous  trials.  The  process  consists  in  heatii^  water 
in  a  vessel,  or  vat,  to  the  temperature  of  from  T^  to  75 
degrees  of  Reaumer,  and  dissolving  in  it  a  quantity  of  gceea 
soap,  in  the  ]»ioportion  of  1  to  48  of  the  hemp :  the  Ix^y  of 
the  water  b^ng  about  forty  times  the  weight  of  the  hemp. 
When  this  preparation  is  made,  the  hemp  is  thrown  into  % 
aud  floats  on  the  surftce,  and  the  vessel  being  immediately 
covered,  the  fire  b  put  out.  In  this  state  the  begaup  is  allowea 
to  remain  for  two  ooufs,  at  the  expiration  of  which  tiioe  it 
will  be  found  to  be  fully  steeped* 

The  pruicipal  superiority  of  this  method,  beudes  the  great 
saving  of  time  and  expense,  is  said  to  consist  in  the  hemp 
afibrding  a  f^reater  proportion  of  tow.  The  value  of  the 
friel,  as  well  as  the  time  employed  in  the  process,  should, 
however,  be  well  considered  in  such  cases.  Besides  these, 
it  is  said  to  promote  the  cultivation  of  the  hemp  crcqia,  by  the 
facility  which  it  affords  to  the  preparation,  even  in  such 
ntuations  as  are  not  contiguous  to  rivers,  streams,  or  ponife  ; 
it  also  obviates  any  ill  consequences  that  mi|^t  poedUy 
ensue  from  the  putrid  effluvia  of  the  atmosphere,  and  the 
corruption  of  the  waters,  induced  by  it,  which  last  are  well 
known  to  destroy  the  fish  contained  in  them,  as  also  to  prove 
hurtful  to  the  cattle  that  drink  of  them. 
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In  consequetiee  of  the  great  trouble  and  expense  attendant 
tipon  the  process  of  water-retting,  the  hemp  is  frequendy  left 
for  seed;  m  which  case,  it  ih  comnKmly  stacked  up  and  well 
cohered  for  the  winter  season,  in  order  that  it  may  be  thinly 
spread  out  in  about  January  or  the  following  month.  Where 
this  can  be  executed  during  the  period  of,  a  snow,  the  hemp 
comes  much  more  readily  to  a  good  colour,  and  forms  strong 
coarse  cloths ;  but  it  is  far  inferior  to  that  pulled  in  due  season, 
and  which  has  undergone  the  water-retting  operation. 

Various  contrivances  have  been  made  in  the  form  of  ponds 
and  pits,  for  the  steeping  of  hemp ;  but  the  one  whidi  seems 
to  possess  the  most  merit  is  described  in  the  Norfolk  Report, 
as  the  invention  of  Mr.  Rainbeard;  by  using  of  which,  the 
hemp  can  be  deposited  in  the  pit^  without  the  necessity  of 
any  person  getting  wet.  The  pond  is  an  old  marl-pit, 
with  a  regular  slope  from  one  side>  where  the  hemp  is  pre- 
pared, to  the  depth  of  eight  feet  on  the  other  side.  On  the 
slope,  above  the  water,  the  hemp  is  boilt  into  a  square  stack 
upon  a  firame  of  timber,  of  such  a  height  as  wili  float  and 
bear  a  man  without  wetting  his  feet :  this  is  sHd  down  upon 
the  frame  into  the  water,  and  a  person  on  the  opposite  bank 
draws  it  to  the  spot  where  it  is  to  be  sunk.  Mr.  Rainbeard 
has  found  by  experience,  that  the  hemp  does  soonest  at  the 
bottom^  and  would  not  object  to  16  feet  of  water.  By 
means  of  this  very  useful  contrivance  he  can  put  in  a  waggon- 
load  in  an  hour.  The  sheaves  are  tdcen  out  one  by  one  in 
tibe  umud  way ;  but  it  is  suggested,  that  some  more  esroedi- 
taons  and  simple  contrivance^  either  npon  the  principle  of 
tlie  lever,  or  some  other,  should  be  resorted  to^  for  eflecting 
the  desired  purpose. 

in  preparing  the  hemp  for  the  hackle,  Ae  woricis  executed 
chiefly  by  the  beetle,  first  using  a  coarse,  and  then  a  finer 
btake :  it  may,  however,  be  more  expeditiously  performed  by 
tiie  rollers  of  a  lint-mill.  In  either  modc^^  shauang  the  hand- 
fids  frequently  with  force  is  necessary.  In  cases  where  the 
fdant  has  not  been  sufficiently  watered  to  loosen  the  rind,  the 
operalion  of  peeling  must  be  performed  by  the  hand. 

Another  method  for  effecting  this  purpose  is  the  hemp- 
null,  which  is  much  used  in  America.  It  consists  simply  of 
a  huge  heavy  stone  in  the  form  of  a  sugar-loaf,  having  the 
ffinaUf  end  cut  off.  Thus  shaped,  it  reeidily  moves  round 
in  a  circle,  when  passing  upon  a  plane.  The  motion  is 
^ven  by  the  impulse  of  water  on  a  wheel,  and  the  hemp, 
deposited  on  Ae  receiving  floor  of  the  miH,  is,  by  the  wdgfat 
fHid  revolntiona  of  tl\e  stone,  perfectly  croshefl  and  broken, 
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Still,  however,  the  fluted  rollers  of  a  lint-mill  are  tha  best 
means  of  performing  the  work,  provided  sufiEident  care  be 
taken  to  guard  against  accidents. 

When  the  hemp  has  been  completely  broken^  it  u  sub- 
mitted to  another  operation,  called  swingling,  or  scotching; 
the  intention  of  which  is,  to  separate  the  reed  from  the 
hemp.  This  operation  is  sometimes  performed  by  a  labourer, . 
who  takes  a  handful  of  hemp  in  his  left  hand,  and  while 
holding  it  over  the  sharp  edge  of  a  board,  strikes  it  with  the 
fine  edge  of  a  long  flat  straight  piece  of  wood,  usually  termed 
a  swingle-hand  or  scotcher ;  but  this  way  is  both  laboriouB 
and  tedious,  consequently,  mills  moved  by  water,  having  a 
number  of  scotchers  fixed  upon  the  same  axle-tree,  and  mov- 
ing with  great  velocity,  are  much  more  frequently  used.  The 
work,  in  this  case,  is  executed  with  much  greater  expedition, 
and  far  less  fatigue  of  the  workman ;  but  the  velocity  of  the 
mill  occasions  a  great  Waste  of  hemp. 

Before  the  hemp  prepared  in  this  manner  is  subjected  to 
the  hackle,  it  mostly  undergoes  another  process,  termed 
beetling;  by  which  the  fibres  of  the  hemp  become  more 
loosened  and  divided.  The  beetles  employed  with  this 
intention  are  moved  by  the  power  either  of  the  hand  or 
water,  which  may  be  considered  best. 

The  implements  used  in  preparing  hemp  for  the  operation 
of  spinning  are  so  very  similar  to  those  described  in  the 
preparatory  processes  of  the  flax-manufacture,  that  we  do 
not  consider  it  necessary  to  give  more  than  a  general  descrip- 
tion of  the  processes ;  we  sh^  therefore  conclude  this  article 
with  an  accurate  description  of  a  patent,  taken  out  by 
Mr.  George  Duncan,  of  Liverpool,  in  March  1813,  for  his 
improvements  in  the  different  stages  of  rope-making,  and 
for  certain  machines  adapted  for  the  same. 

The  first  part  of  the  process  which  he  has  described,  ia 
that  for  spinning  the  yam  far  all  kinds  of  cordage,  linesy 
and  twine. 

In  this  part  of  the  invention  there  are  two  railways, 
adjoining  and  parallel  with  each  other,  fixed  along  the  spm- 
ning-ground  or  rope-walk,  from  one  end  of  it  to  the  other. 
Upon  each  of  these  railways  a  machine  for  spuming  the 
yam  is  made  to  travel  alternately  backwards  and  forwaida, 
one  setting  off  from  the  bottom  of  the  ground  at  the  same 
time  that  the  other  sets  off  from  the  top,  and  as  they  both 
travel  at  the  same  rate,  the  former  arrives  at  the  top  of  the 
ground  at  the  same  time  the  latter  arrives  at  the  bottom. 

These  spinning-machines  are  in  every  respect  similar  to 
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each  other,  and  are  respectively  furnished  with  two  sets  of 
twisting  Sfundles ;  one  set  being  placed  at  one  end  of  the 
machine^  with  the  hooks  facing  the  top  of  the  spinning- 
ground;  the  other  at  the  opposite  end,  with  the  hooks 
&cing  tiie  bottom.  The  spinners  employed  in  spinning  with 
them  are,  accordingly,  divided  into  two  companies,  and 
arranged  similar  to  the  machines;  the  one  company  at 
^e  top,  the  other  at  the  bottom,  of  the  ground.  The  number 
of  spindles  in  each  set  of  each  machine  should  be  equal,  and 
also  equal  with,  or  rather  not  fewer  than,  the  number  of 
spinners  in  each  company ;  or,  in  other  words,  as  there  are 
in  each  machine  two  equal  sets  of  spindles,  (four  sets  in  all,) 
the  number  of  separate  spindles  in  the  two  machines  should 
not  be  fewer' than  double  the  whole  number  of  spinners 
employed ;  because  one  set  only  in  each  machine  is  occupied 
Bfthe  same  time  in  spinning,  the  other  set  being  in  the 
mean  time  engaged  in  retaining  the  yams  last  spun  from  it^ 
and  following  them  back  to  the  winding-machine. 

The  manner  in  which  the  operation  is  performed  is  as 
follows: — ^The  spinning-machines  are  placed,  as  before  de- 
scribed, one  at  each  end  of  the  spinning-ground,  on  its  respec- 
tive railway,  ready  to  set  off.  Each  spinner  of  the  two 
companies  immediately  attaches  his  hemp  or  flax  to  the 
spindle  of  the  machine  that  is  nearest  to  him ;  and  the  motions 
of  both  machines,  excepting  those  of  that  set  of  twisting- 
spindles  facing  the  opposite  company,  are  then  struck  into 
geer,  and  each  machine  recedes  from  its  own  company,  spin- 
ning and  leaving  the  yam  on  separate  guides  or  hooks  as  it 
proceeds  onwards,  the  one  down  and  the  other  up  the  ground, 
the  one  arriving  and  striking  itself  out  of  motion  at  the 
bottom,  when  the  other  arrives  and  strikes  itself  out  of  motion 
at  the  top.  Each  spinner  of  the  two  companies  then  detaches 
the  yam  in  his  hand  from  the  hemp  or  flax  which  he  was 
spinning,  and  fixes  the  end  of  the  piece*  that  is  spun  to  a 
winding-up  reel^  in  a  machine  stationed  behind  or  near  him, 
while  the  other  end  still  remains  attached  to  the  spindle-hook 
of  the  machine  on  which  it  was  spun,  and  which  is  now  at 
the  further  end  of  the  ground. 

The  machines  have  now  changed  their  company ;  that  is, 
the  machine  which  formerly  belonged  to  liie  company  at  the 
top,  now  belongs  to  the  company  at  the  bottom ;  and  that 
which  belonged  to  the  company  at  the  bottom,  belongs  now 
to  the  company  at  the  top.  Each  spinner,  therefore,  of  both 
companies,  immediately  attaches  his  hemp  or  flax  to  the 
ppindles  left  vacant  by  the  opposite  company,  and  the  motions 
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of  the  epindles  to  wbidi  the  hemp  or  flax  is  attached  hAug 
•truck  into  geer^  the  apiBiUBg  proceeds  as  before }  during 
which,  the  respective  winding^machines  wind  up  the  yams 
last  spun,  regularly  as  the  spinning-machine,  to  whose  spin-* 
dies  they  are  attached,  and  which  have  remained  stationary^ 
fikdvances  towards  it  kom  the  other  end. 

The  smnning  of  the  two  sets  of  yam«  and  wbding  up  of 
the  two  last  spun,  being  finished  at  one  and  the  same  time, 
the  whole  machinery  again  stops,  and  each  spinner,  as  before, 
immediately  detaches  the  yam  in  his  hand  trom  the  hemp  or 
flax,  and  then  detaches  from  one  of  the  spindle-hooks  of  tlie 
spinning-machine  just  arrived,  the  yam  which  he  had  on  the 
former  occasion  spun,  and  which  has  just  been  wound  up  on 
pti0  of  the  reels  of  the  winding-machine,  as'  closely  as  the 
^rt  length  necessarily  intervening  between  the  spinning  and 
winding  macfames  will  allow.  The  two  ends  of  these  yams 
he  splices  together,  so  that  the  yam  just  spun,  lying  on  the 
jguides  or  hooks  along  the  whole  length  of  the  spinning-r 
ground,  is  now  ready  to  be  wound  up*  The  spinners  then  attach 
their  hemp  to  the  emptied  hooks,  the  machines  are  again 
struck  into  motion,  tiie  spinning  and  winding  go  on  as  before, 
and  the  same  procedure  continues  to  be  renewed  each  time. 

The  general  principle  which  constitutes  this  mode  of  opera^ 
tion,  and  consetj^uent  facilities  of  the  invention,  are,  that  one 
set  of  spindles  m  each  machine  is  always  employed  in  spin- 
ning, while  the  yarns  spun  by  and  attached  to  the  hookis  of 
the  other  set  at  the  opposite  end  of  the  machine  are  winding 
np,  so  that  every  qpinner  is  constantiy  kq^  at  work  in  q»in- 
nmg,  excepting  the  short  interval  when  splicing  the  yam, 
and  prepanng  to  set  on  to  spin.  Throughout  the  wbole  of 
the  operation,  therefore,  whatever  one  of  the  spinning  and 
the  windiiig  machines  may  be  performing,  and  one  of  the 
company  of  spinners  employed  lu  doing,  the  other  gpinning 
and  winding  machines,  and  company  of  spinners,  are,  ia 
every  resuect,  similarly  engaged. 

An  endless  rope,  driven  by  any  external  machinery,  gives  the 
travelling  and  twisting  motions  to  bptb  spinning-machines  i 
and  the  whole  of  (liese  motions  are  connected  with  and  bear 
a  given  pn^rtion  to  each  pther,  capable  of  being  r^ulated 
to  suit  the  speed  reqiiiredf  The  two  winding-machines  may 
also  be  driven  by  the  endless  rope.  All  or  any  of  these 
machines  may,  nevertheless,  be  driven  by  distinct  endless 
ropes,  or  by  any  othex  method  or  methods  m  use  for  driving 
locomotive  machinery,  provided  the  proportionate  speec}  be 
Jccpt  up. 


The  ftpplicatioB  of  the  nek,  hereafter  described,  vAW  be 
the  most  eocwrate  for  regidatang  the  tnLvcdling-movemeiit  ot 
the  siNmning  or  any  other  machiDe,  on  a  lope-walk ;  but  as 
the  resistance  in  the  present  case  is  very  tiimng,  the  motion 
given  to  the  tmck- wheeb  of  the  spinning-machine,  as  shown  in 
the  engravings,  will  answer  the  poiMse  at  less  expense. 

Ab  a  finrther  inmrovementj  Mr.  J)nncaa  invented  an  addi* 
tional  ^>paratiis  for  giving  an  after-twist,  which  either  may 
or  naay  not  be  adopted.  The  object  of  this  improvement  is, 
to  prevent  the  yams  losuig  strength,  which  otherwise  they 
do,  by  losing  twist  by  the  connter-twist  of  the  strand,  and 
other  subsequent  operations.  This  is  effected  in  a  simple 
and  convenient  wot,  by  continuing  the  twisting  for  a  sufficient 
length  of  time  after  the  travellmg  motion  ai  the  spinning- 
madune  has  ceased;  by  which  means,  an  additional  twist  is 
given  to  the  yams  f^r  they  are  spun  to  their  full  length  ; 
and  this  is  done  while  the  spinners  are  seeing  them  at  the 
other  end  of  the  spinning-giound,  and  preparing  again  to  set 
on  to  spin,  without  occupying  any  of  their  time  for  the  pnr» 
pose.  The  effect  of  this  part  of  the  invention  for  the  mer- 
twist  has  been  produced  in  different  ways  by  others;  but  by 
modes  either  so  complicated  or  expensive,  as  not  to  be  con- 
veniently available  in  practice. 

The  principal  advantages  to  be  derived  from  this  method 
of  ffipinning  are  the  folio wii^ : 

First.  The  spinners  are  enabled,  at  much  less  expense,  to 
spin  a  greater  quantitv  of  hand-spun  yam  than  they  can  by 
any  other  method  in  the  same  space  of  time ;  because,  except 
wmle  splicing  the  threads,  they  are  constantly  occupied  in 
s[Mnning ;  and  have  nether  to  hook  up  the  threads,  nor  to 
travel  up  and  down  the  walk,  so  that  their  time  and  attention 
is  solely  confined  to  the  delivering  of  the  hemp  or  flax  from 
their  hands.  Secondly.  The  speed  of  the  spinning-machine, 
besides  being  uniform,  is  proportioned  to  the  full  extent  of 
work  the  spinners  can  convenientiy  accomplish,  which,  in 
some  measure,  compels  them  to  produce  the  greatest  possible 
qaantity ;  and  as  the  machine  is  constructed  so  as  to  lift  the 
threads  off  the  hooks,  and  follow  them  up  to  the  winding-^ 
machine,  little  or  no  attendance  is  required  from  wheel-boys 
or  followers.  Thirdly.  The  spinners  are  enabled,  partly  from 
their  whole  skill  and  attention  being  confined  to  the  one 
object,  of  simply  delivering  the  hemp  or  flax  from  their 
fingers,  and  partiy  from  the  requisite  degree  of  twist  being 
given  by  machinery,  to  produce  a  superior  quality  of  yam. 
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And  fourthly.  The  hemp  to  be  spun  by  this  machinery  may 
either  be  dressed  in  the  usual  way^  or  prepared  and  dressed 
on  the  hackling-machines^  which  draw  out  the  whole  in  a 
long  sliver ;  and  in  either  case  it  may  be  spun  from  the  end 
of  Sie  fibres,  by  which  means  the  strongest  yam  is  formed* 
It  may,  however,  be  spun  from  the  spinner's  waist,  and  with 
more  convenience  than  in  the  common  way,  because,  by  this 
method,  the  spinners  remain  alwavs  in  a  room  at  each  end  of 
the  spinning-ground ;  consequently,  the  hemp  is  not  so  WMe 
to  be  discomposed  as  when  thev  have  to  travel  up  and  down 
its  whole  length ;  neither,  for  the  same  reason,  is  it  so  liable 
to  be  wasted. 

The  expense  attendant  upon  erecting  the  spinning  ma« 
chinery,  with  all  its  connections,  and  the  power  requisite  to 
drive  it,  is  comparatively  trifling.  In  making  the  spinning 
machinery,  various  forms  or  shapes  may  be  adopted,  as  the)' 
may  be  made  to  travel  on  railways  on  the  ground,  or  on 
railways  suspended  from  the  beams  of  the  rope-walk,  or  fixed 
upon  or  above  them,  as  may  be  thought  proper ;  and  the* 
disposition  of  the  necessary  machinery  may  be  arranged  and 
diversified  to  suit  the  situations  of  the  railways,  and  the 
construction  and  conveniences  of  the  rope-walk. 

The  mode  shown  in  figs.  469,  470,  and  471,  is  most  preferred  by 
Mr.  Duncan,  merely  because  it  occupies  least  room  in  proportion  to  the 
number  of  spindles  the  spinning-machines  can  employ.  The  whole  width 
of  a  rope-walk,  required  by  this  mode,  need  not  be  more  than  six  fe^  except 
at  each  end,  where,  of  course,  sufficient  width  convenient  for  the  spinners, 
and  for  the  winding-machine  and  dressed  hemp,  must  be  allowed.  In  this 
narrow  space  no  less  than  twenty-four  threads  may  be  constantly  kept 
spinning  at  one  time,  and  as  many  winding  up ;  so  that  besides  every  other 
advantage,  the  saving  in  the  original  cost  of  a  ipinning-ground  on  this  plan, 
and  in  the  expense  of  covering  it  in,  will  be  considerable. 

In  the  explanations  to  the  ngs.  478  and  479,  is  shown  how  other  arrange- 
ments may  be  made  by  which  the  competent  mechanic  will  be  enabled  to 
adapt  or  aiversify  the  form  of  the  machines,  and  form  and  disposition  of 
the  machinery,  to  suit  ?^y  situation  in  a  ropery  which  is  most  convenient, 
or  of  little  use  for  other  purposes. 

In  that  part  of  the  drawing,  entitled  <'  Rope-spinning,"  from  A  to  B  is 
supposed  to  be  the  spinning-ground,  shown  as  broxen  off  in  the  middle,  for 
want  of  room  to  show  it  in  full  lenjrth ;  C  C  and  C  C,  on  each  side  of  the 
break,  is  one  railway  ;  D  D  and  D  D  the  other. 

Fig.  469  is  a  plan  of  one  of  the  spinning-machines,  at  the  top  of  the 
ground,  on  the  railway  C  C. 

Fig.  470  is  the  other,  exactly  of  the  same  construction,  at  the  bottom  of 
the  ground,  on  the  railway  D  D ;  and 

Fig.  471  is  a  side  elevation. 

Hiough  both  machines  are  pi'ecisply  similar,  yet  some  parts  of  the 
machinery  are  omitted  in  some  of  the  ti^^ures,  that  (Hher  parts  may  be  seen 
more  distinctly,  and  in  none  of  liie  tigurc'i  urc  iUa  whoU  o^iown  together. 
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£,  wherevei  \i  occurs,  shows  the  endless  rope  which  drives  both  machines, 
and  w  the  rollers  or  pullies  suspended  from  the  beams  L  over  head,  which 
guide  and  carry  it. 

The  same  characters,  in  all  the  above  figures,  wherever  they  may  be  used, 
denote  the  same  part. 

F  shows  the  framing  of  the  machines. 

a  and  b  two  grooved  sheeves,  fastened  upon  the  two  upright  shafts 
c  and  dy  (as  best  seen  in  fig.  471,)  driven  contrary  ways  by  means  of  the 
endless  rope. 

The  manner  in  which  the  rope  goes  round,  and  grasps  the  sheeves,  and 
occasions  their  contrary  motion,  is  best  seen  in  fig.  470. 

In  fig.  471,  e  and/  are  two  spur-wheels,  fixed  upon  the  shafts  c  and  d, 
with  a  view  to  equalize  their  motion. 

The  twisting  motions  for  each  set  of  spindles  are  driven  by  their  respec- 
tive shafts^  which,  at  the  same  time,  drive  all  the  travelling  motions.  But 
the  twisting  motions  for  one  end  only  are  driven  at  a  time ;  for  while  the 
shaft  that  is  nearest  to  the  end  from  which  the  spinners  are  spinning,  is 
driving  the  twisting  motions  of  that  set  of  spindles,  together  with  all  the 
travelling  motions,  the  shaft  nearest  to  the  other  end  is  not  driving  any, 
though  lx>th  shafts  are  then  revolving. 

g  and  h  in  the  travelling  motions  are  two  pinions,  upon  loose  rounds, 
alternately  driving  the  wheel  t,  which  is  fast  upon  the  short  upright  shaft  A, 
and  shown  only  in  fig.  471 .  On  the  lower  end  of  this  shaft  is  the  bevel- 
wheel  /,  drivine,  by  means  of  another  bevel-wheel,  m,  the  cross  shaft  n,  upon 
one  end  of  which  are  fastened  the  sheeves  1, 2,  3,  and.  upon  the  other  the 
sheeves  4,  5,  6,  seen  best  in  fig.  469.  These  sheeves  are  of  different  sizes, 
and  one  only  at  each  end  of  the  shaft  is  in  use  at  a  time;  o  and  p  are  the 
two  axles  of  the  truck-wheels,  havingthe  sheeves  7,  8,  9,  fastened  upon  o, 
and  upon  p  the  sheeves  10,  U^  12.  The  four  truck- wheels  q  are  abo  fast- 
ened upon  the  shafts  o  and  p,  and  motion  is  given  to  them  by  two  belts ; 
one  driven  from  any  one  of  the  sheeves  1,  2,  3,  and  the  other  from  any  one 
of  the  sheeves  4, 5,  6,  each  belt  running  upon  its  corresponding  sheeve  on 
the  axles  of  the  truck-wheel.  The  turning  round  of  these  axles  impels, 
according  to  the  motion  given  to  them,  the  machine  forward ;  which  motion 
can,  by  the  sheeves  being  of  different  sizes,  be  regulated  as  occasion  may 
require. 

On  the  lower  end  of  the  shaf^  c  and  d  of  the  twisting  motions  aro  the 
sheeves  r  and  «,  on  loose  rounds,  each  in  its  turn  carried  about  by  catch- 
boxes,  (as  shall  be  hereafter  explained,)  and  driving  the  upright  rollers  or 
cylinders  G  and  H,  by  means  ot  belts  going  round  the  sheeves  t  and  v,  fast- 
ened on  the  axles  of  the  rollers.  These  rollers  give  motion  to  the  twisting 
spindles  by  separate  bands  or  belts  passing  round  a  whirl  on  each  spindle ; 
in  each  machine  are  placed  twenty-tour  spindles,  twelxe  at  each  end,  or  six 
at  each  comer  of  each  end,  the  positions  of  which  are  seen  in  figs.  469  and 
470.  In  either  of  these  figures,  one  snindle  at  each  of  the  four  comers 
only  appears,  the  other  five  "being  ranged  in  a  direct  line  underneath ;  but 
the  manner  in  which  they  range  is  seen  in  fig.  471.  In  fig.  471,  twelve,  or 
one  half  of  the  number  of  spindles,  appear  on  the  nearest  side ;  six,  or  half 
a  set,  at  each  end  ;  the  other  half  appear  similarly  situated  on  the  opposite 
side.  These  two  sets  are  alternately  employed,  the  one  in  spinning,  and 
the  other  in  holding  and  following  the  yarns  that  are  winding  up ;  zz, 
fig.  471,  are  ratchet-wheels  and  catches,  placed  on  the  axles  of  the  rollers 
G  and  II,  to  keep  the  yarns  from  untwisting  when  winding  up. 

Figs.  469  and  470  best  show  the  carriers,  projecting  from  the  frame  in 
which  the  twisting  spindles  run  j  the  form  and  use  of  them,  and  of  the 
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whirif  and  spindles,  are  so  obvious,  that  it  is  not  neeessaiy  to  point  them 
out  IB  asy  ot  the  figures  hy  a  dittiiiffiiishiiig  chancier  of  leferenoe ;  and, 
for  the  same  reason,  none  of  the  bands  or  bdts  art  marked. 

HaTing  so  fiur  described  the  different  motions  and  appurtenances  of  the 
spinning-machine,  we  shall  now  proceed  more  particnlaily  to  explain  the 
manner  in  which  ihej  operate. 

lE^  an  inspection  of  nsr.  471,  it  wiU  be  seen^  that  the  catch  of  the  catdh* 
box  13  is  in  contact  with  the  catch  of  the  pmion  k,  and  the  catdi  of  the 
catch-box  14  with  the  catch  of  the  sheeres  1,  and  that  the  catches  of  the 
boxes  15  and  16  are  not  in  contact  with  the  corresponding  pinion  g  and 
sheeve  r. 

17  and  18  are  two  separate  levers,  one  at  each  end  of  the  machine, 
alternately  used  for  strilung  into  geer  the  catdies  above  mentioned;  the 
lever  17  serving  for  the  two  boxes  13  and  14,  and  the  lever  18  for  the  two 
boxes  15  and  16.  19  and  20  act  as  swingers  or  levers  from  die  joints  31 
and  22,  having  claw  ends  to  grasp  the  catch-boxes  13  and  14;  and  being 
conpled  with  the  main  lever  17,  by  means  of  the  connecting  rod  23,  move 
them  either  up  or  down.  When  in  geer  they  are  held  firm  by  the  snedc  24 ; 
but  on  running  against  a  fixture  at  one  end  of  the  spinning-ground,  are 
pulled  back,  whidi  causes  all  the  motions  of  the  machine  to  stop.  The 
machine,  however,  may  at  any  time  be  stopped,  as  occasion  may  require,  by 
pulling  back  the  sneck  by  hand.  The  two  main  levers  17  and  18  are  so 
weighted  at  the  handle  end,  that  when  disengaged  from  their  snecks  the 
catoi-boxes  always  fly  out  of  geer.  The  machine  is  put  in  motion  by  raising 
^e  main  lever  into  the  sneck  by  hand.  All  the  machinery  on  each  side  m 
the  wheel  t,  at  each  end  of  the  machine,  b  precisely  alike;  the  description 
therefore  given  of  one  end  may  answer  for  the  other.  The  twisting  motions 
at  each  end  are  never  in  geer  at  the  same  time;  for  those  at  one  end  are 
lengafled  in  spinning  one  set  of  threads,  while  diose  at  the  other,  whose 
spmdles  retam  and  follow  up  the  other  set  of  threads  (last  spun)  to  the 
irinding-machine,  remain  at  rest.  AU  the  four  catdi-boxes,  1 3, 14, 15,  and 
16,  coBstantl^r  go  round  with  the  shafts  e  and  4,  by  means  of  foathers  in  the 
shafts  acting  in  grooves  in  the  boxes. 

When  the  cateh-box  14  is  in  contact  with  the  sheeve  t,  it  gives  motioii 
to  the  set  of  twisting-spindles  belonging  to  the  roller  U,  at  t£e  same  time 
its  accompanying  catcn-box  13,  by  bSng  in  contact  with  the  pinion  i^ 
gives  a  retiring  or  travelling  movement  to  the  whole  machine,  which  is 
effected  by  the  whed  t  communicating  motion  to  the  four  truck-wheels^  by 
the  means  which  have  been  before  described.  The  whed  t  is  common  to 
both  pinions,  being  turned  one  way  by  one  pinion,  when  the  machine  is 
retirii^r  from  the  top  of  the  ground,  and  the  contrary  wav  by  the  other  when 
it  is  retiring  from  tbe  bottom  of  the  sround ;  consequently,  the  cross  shaft  n, 
which  derives  its  motion  from  the  wheel  i,  turns  at  the  same  time  both  the 
truck-wheel  axles,  one  way  when  retiring  from  the  top,  and  the  contiaij 
way  when  retiring  from  tLe  bottom;  the  shaft  n  being  common  to  both 
^uck-¥^heel  axles. 

Fig.  472  is  the  plan  of  a  winding-machine,  placed  at  the  top  of  the  spin- 
ning-ground, containing  twelve  reels,  corresponding  with  the  number  of 
spindles  in  each  spinning-machine. 

Fig.  473  is  a  {dan  of  a  similar  winding-machine,  placed  at  the  bottom  ot 
the  ground,  containing  the  same  number  of  reels.  Both  these  windine- 
machines  are  mounted  so  high  above  the  ground  as  to  allow  the  yam  wind- 
ing on  them  to  pass  over  head,  that  the  spinners  may  have  room  to  move 
underneath.  In  the  engraving  they  are  placed  rather  nearer  the  spinniag- 
inachij^es  than  they  ought  to  be,  from  want  of  room  in  the  plate.     When  all 
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Ihe  spindles  of  the  two  tpinning^madiiiies  are  employed^  one  half  in  ipin- 
ning  and  Che  other  half  m  fibUowing  up  the  yarns  to  the  winding-machine, 
as  has  already  been  described^  all  the  teeis  m  both  winding-machiDes  are  of 
oourse  at  the  same  time  fiilly  employed  in  winding  up. 

Fig.  474,  at  ooe  end  of  the  ground,  shows  a  side  Tiew  of  the  reels,  placed 
on  their  spindles,  a  description  of  whachis  unnecessair,  as  ihe  movements 
and  eonstmction  of  such  machines  are  well  known  and  understood.  In  the 
figure  they  are  represented  as  only  winding  one  yam  on  each  reel,  in  order 
to  explain  the  impro?ed  or  patent  method  of  rope<>making ;  but  more  than 
one  yam  may  be  wound  on  any  one  of  these,  or  any  other  kind  of  reel,  that 
may  oe  used  in  my  method  of  spinning,  for  the  conyenience  of  the  common 
method  of  rope-making,  or  for  other  purposes.  It  is  neither  convenient,  nor 
neocssary,  that  the  endlew  rope  shoula  cease  motion,  when  the  spinning* 
machines  have  arrived  and  struck  themselves  out  of  geer  at  the  top  and  bot* 
tom  of  the  ground ;  consequently  we  will  suppose,  that  the  endless  rope  is  in 
motion,  and  all  the  other  parts  of  the  machinety  at  rest,  excepting  the  two 
shafts  cand  rf,  and  their  respective  catch-boxes.  The  catch-boxes  of  each  shaft 
in  both  machines  are  in  the  position  of  1 5  and  1 6,  as  seen  in  fig.  471 .  Each 
spinner  in  the  two  opposite  companies  having  now  attached  the  hemp  to  the 
spindles,  nothing  remains  to  be  done  but  to  raise  by  hand  the  lever  1 7, 
fig.  471,  (whidi  in  the  engraving  appears  to  be  already  done,)  and  the  correst 
ponding  lever  in  the  opposite  machine ;  which  will  cause  the  spinning  and 
winding  to  proceed  in  the  manner  already  described. 

When  the  machines  stop,  each  spinner  splices  his  thread,  and  throws  it  on 
the  nearest  guide  ^r,  to  keep  it  out  of  the  way,  and  to  conduct  it  to  the  wind- 
ing-machine. The  grooved  sheeves  a  and  b,  on  the  top  of  the  shafts  c  and  d, 
to  wfaicb  the  endless  rope  gives  the  first  motion,  mav  oe  changed  when  re^ 
quired  for  sheeves  of  a  larger  or  smaller  diameter,  for  the  purpose  of  dimi- 
nishing or  iacreasing  all  the  motions  in  a  proportionate  degree.  For  the  same 
puipose  the  wheel  or  sheeve,  which  gives  motion  to  the  endless  rope^  may 
abo  hsve  grooves  of  different  diameters.  The  sheeves  that  may  be  changed 
iar  increasing  or  diminishing  the  twisting  motions,  are  the  four  sheeves  (  r 
for  one  end  of  the  machine,  and  « t  for  the  other,  as  teen  in  fig.  471.  In 
order  to  obtain  more  or  less  travelling  motion,  the  belts  may  be  made  to  run 
either  on  thesheeves  1  and  9,  and  6  and  IP,  or  on  2  and  8  and  5  and  11, 
or  on  3  and  7  and  4  and  12,  as  seen  in  fig.  469. 

Fig.  475  (within  whiqh  are  figs.  476,  477,  478^  and  479)  represents  aq 
end  view  of  a  rope-ground  building,  set  down  as  eu^fateen  feet  wide  inside, 
It  is  merely  divided  into  portions,  to  show  some  di&rent  modes  of  diversi? 
lying  spinning-machines  upon  this  principle,  the  different  situations  in  whicl| 
they  may  work,  and  the  proportion  of  rpom  they  may  occupy  according  tQ 
the  number  of  spindles. 

Figs.  478  and  479  show  end  views  of  two  forms  of  spinning-machines^ 
diflerent  from  each  other,  and  from  the  one  already  descrioed;  but  all  upon 
the  same  principle.  The  machine  in  fig.  478  is  represented  as  moving  on  a 
railway  M  M,  undenieath  the  beam  L,  having  spindles  both  above  and  be- 
low. The  parts  shown  in  the  figure  are  as  follows :  N  N  two  of  the  truck- 
ivheels.  O  P  the  endless  rope  sheeves.  Q  one  of  the  rollers  for  turning  the 
spindles.  R  a  sheeve  on  the  end  of  the  roller,  answering  the  same  purpose 
as  i  and  v  in  %.  471.  W  part  of  a  sheeve  on  the  truck-wheel  axle,  answerr 
ing  the  same  purpose  as  one  of  those  on  the  axles  o  and  p  in  figs.  469  and 
470.  The  carriers,  the  whirls,  the  spindles,  and  their  bands,  in  this  machine 
are  the  same  as  in  the  spinning-machine  already  described ;  and  their  situar 
tions  are  so  obvious,  as  not  to  require  particular  characters  of  reference. 
Such  part  of  the  figure  as  consists  of  framing  will  be  obvious.  One  side  of 
the  railway  is  fixed  to  the  post  K ;  the  oilier  side  is  fixed  and  rests  upon 
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the  iron  fixture  S,  haagmg  from  the  beam  L,  which  alio  serves  the  san^ 
purpose  for  the  adjoining  railway.  X  one  of  the  guide  pullies  for  the  end- 
less rope.  T  a  rail,  (whidi  may  occasionally  be  removed,)  laid  across,  and 
answering  the  purpose  of  both  railways,  from  post  V  to  K,  having  upright 
pins  at  proper  distances,  for  the  purpose  of  bearing  and  keeping  separate 
the  yams  of  the  lower  spindles.  The  hooks  fixed  to  the  under  side  of  the 
beam  L  are  to  answer  tne  same  purpose  for  the  yams  of  the  upper  spindles. 
In  order  to  lay  the  yams  upon  these  hooks,  a  feparate  guide  upon  eadi 
spindle  is  fixed  upright  in  a  slender  rail,  fastened  to,  and  pioiccting  two  oi- 
three  feet  from,  and  parallel  with,  each  end  of  the  machine.  The  shape  of 
these  guides  is  the  same  as  the  hooks  in  the  beam,  with  this  exception,  that 
each  one  has  an  eye  at  the  point,  to  convey  the  jraras  in  a  slanting  direction 
from  the  spindles,  and  to  lay  them  upon  th«ir  respective  hooks  in  the  beam 
when  spinning,  and  also  to  lift  them  off  when  winding  up.  The  manner  in 
which  the  guides  pass  between  the  hooks  may  be  seen  in  fig.  477,  where  « 
represents  the  projecting  rail ;  6>  the  guides,  two  only  of  wficfa  are  marked ; 
it  must  here  be  understood,  that  the  spindles  are  not  opposite  the  eyes  of 
their  respective  suides,  but  exactly  opposite  the  upright  part  of  them,  and 
on  a  level  with  ue  eyes.  There  are  many  other  ways  by  which  the  hooking 
up  of  the  yams  may  be  effected,  but  the  method  just  described  is  conceived 
to  be  the  most  simple.  The  space  between  the  post  V  and  the  iron  fiartuie  S^ 
is  the  room  to  be  occupied  by  the  other  spinning-machine. 

The  spinning-machine,  fig.  479,  is  represented  as  movii^r  on  a  railway, 
laid  upon  the  beam  L.  It  will  be  seen  that  this  machine  is  nothing  more 
than  the  lower  part  of  the  one  last  described,  having  no  spindles  on  the  upper 
part.  The  guiae  pins  are  in  this  method  driven  into  the  beam.  The  empty 
space  to  the  right  of  this  machine  is  the  room  to  be  occupied  by  its  fisUow^ 
llie  letters  of  reference  used  in  fig.  10,  and  its  appurtenances,  apply  to  the 
same  parts  whenever  they  are  used  in  6%.  479,  and  its  ajmurtenanoes. 
Thougn  these  machines  (the  end  views  of  which  are  shown  in  ngs.  478  ami 
479)  are  different  from  each  other  in  form  and  arrangement  of  machinerj, 
and  also  irom  the  form  and  arrangement  of  the  one  shown  in  figs.  469, 470,  aiid 
471,  yet  the  same  principle  of  the  travelling  and  twisting  motions  is  appli- 
cable to  all,  and  therefore  it  is  unnecessary  to  enter  into  rorther  explanation^ 
respecting  them. 

rig.  480  shows  the  method  of  giving  the  after^twist..  As  the  apparatus 
for  tms  purpose  is  to  be  applied  to  each  of  the  endless  rope  shafts  in  each 
machine,  a  description  ot  the  apparatus  as  belonging  to  one  of  them  may 
be  sufficient.  This  figure  is  a  side  view  of  the  apparatus,  and  is  represented 
as  applied  to  the  shaft  d,  in  fig.  471 ;  the  same  cnaracters  of  reference  there 
used  being  retained  in  the  present  figure,  where  they  denote  the  same  parts. 
The  apparatus  for  the  after-twist  is  merely  an  addition,  which  on  the  lower 
part  of  the  figure  consists  of  a  catch  on  the  under  side  of  the  sheeve  «,  a  cor- 
responding catch  and  catch-box  25,  carried  round  by  the  shaft,  and  the 
lever  or  swinger  26  to  act  on  the  catcl^box.  The  rod  23  is  lei^thened,  to 
connect  this  swinger  with  the  other  two.  On  the  upper  part  of  the  figaie 
is  the  remainder  of  the  apparatus,  consisting  of  a  catch  on  the  upper  side  of 
the  catch-box  13 ;  the  worm  on  a  loose  round  on  the  shaft  27,  with  a  caidi 
on  the  under  side,  to  operate  with  its  conesponding  catch  on  the  catch-box 
13;  the  screw-wheel  28  to  act  in  the  worm ;  the  arm  29,  on  a  loose  round 
on  the  axis  of  the  screw-wheel,  confined  near  the  circumference  of  the 
wheel  by  the  staple  30,  but  having  play  the  width  of  the  staple,  the  end 
of  the  arm  farthest  from  the  axis  being  intended  to  act  on,  and  press  down, 
the  swinger  19;  and  the  spring  31,  hxed  on  the  wheel,  which  presses 
against  the  back  of  the  arm. 

The  whole  of  the  machinery  in  the  figure  is  represented  out  of  the  gccr. 
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and  is  in  the  position  as  when  ready  to  set  off  from  one  end  of  the  spinning- 
ground,  to  follow  the  yaras  to  the  winding-machine.    In  that  position  it 
continues  until  it  has  arriTed  at  the  winding-machine,  and  the  yams  are 
disengaged  from  the  spindles  when  the  main  lever  17  is  lifted  up  by  hand 
into  the  catdi  24,  for  tne  purpose  of  putting  the  spinning  and  travelhng  mo- 
tions into  geer,  as  formerly  described.    By  the  raising  up  of  this  lever  the 
swinger  19  is  pulled  down,  and  the  arm  29  is  thus  disengaged,  which  hav- 
ing play  within  the  staple,  swings  forward  by  its  own  weight,  clear  of  the 
swinger,  which  is  hollowed  or  bent  at  that  place  for  the  purpose.    The  ob- 
ject of  this  is,  that  the  arm  may  not  be  in  the  way  of  the  swinger  19  the 
next  time  it  goes  into  geer  with  the  worm.    When  the  machine  has  returned 
to  the  other  end  of  the  ground,  and  the  yams  consequently  are  spun  to  their 
full  length,  the  catch  24,  on  which  the  main  lever  rests,  is  thrown  back  by 
the  machine  going  against  a  fixture  in  the  ground,  as  has  been  before 
mentioned,  and  the  lever  (being  sufficiently  weighted  at  the  handle  end) 
drops  down,  by  which  means  the  travelling  motion  is  stopped.    The  twist- 
ing motion  would  also  be  stopped,  were  it  not,  (as  will  be  seen  from  the 
figure)  that  though  the  catch-box  14  is  thrown  out  of  geer  with  the  sheeve  s 
on  the  upper  side,  the  catch-box  25  will  be  at  the  same  instant,  and  by  the 
same  movement,  thrown  into  geer  with  it  on  the  under  side,  so  that  the 
twisting  motion  continues.    The  under  side  of  the  catch-box  13,  being 
thrown  out  of  geer  with  th^  pinion  A,  (which  stops  the  travelling  motion) 
the  upper  side  of  it  will  be  at  the  same  instant,  and  by  the  same  movement, 
thrown  into  geer  with  the  worm  27,  which  consequentiy  gives  motion  to  the 
screw-wheel  28 ;  the  arm  29  (which  it  will  be  recollected  is  then  hanging 
down)  is  also  carried  round  with  the  wheel;  and  when  it  comes  in  contact, 
having  nearly  made  one  revolution  with  the  swinger  19,  it  forces  it  down, 
and  by  this  means  puts  the  catch-box  25,  as  well  as  its  own,  out  of  geer,  and 
causes  the  whole  ot  the  madiinery  to  stop.    The  use  of  the  spring  31 ,  press- 
ing against  the  back  of  the  arao,  is  to  cause  it  to  force,  as  soon  as  the  catches 
13  and  25  are  out  of  geer,  the  swinger  19  a  little  further  down,  which  it  will 
then  be  enabled  to  do,  inconsequence  of  the  resistance  against  it  being  de- 
creased ;  the  object  of  this  is  to  prevent  any  jarring  of  the  catches  when  in 
that  sitoation.    The  spring  is  prevented  forcmg  too  far  by  a  stop.    Another 
method  of  forcing  the  svnnger  thus  much  further  down  may  be  adopted,  by 
fixing  a  pin  or  fang  to  project  from  the  framing  of  the  machine,  so  as  the 
end  of  the  spring  above  mentioned  may  come  in  contact  with  it  a  little  be- 
fore the  time  when  the  arm  begins  to  force  down  the  swinger,  in  order  that 
the  arm  may  be  relieved  from  the  pressure  of  the  spring  until  the  arm  has 
forced  the  svringer  dovm  nearly  to  tne  point  of  sending  the  catches  out  of  geer, 
at  which  time  the  end  of  the  sprinfir,  having  got  free  of  the  pin,  comes  with 
a  sudden  blow  against  the  back  of  the  arm,  and  thus  sends  down  the  catches 
dear  of  those  with  which  thev  were  in  geer ;  the  springin  this  case  also  is 
prevented  from  forcing  too  nir  by  means  of  a  stop.    The  time  the  screw- 
wheel  is  in  going  round  is  the  time  allowed  for  the  after-twist :  but  should 
one  wheel  not  allow  sufficient  Ume  for  the  purpose  the  motion  may  be  fardier 
decreased,  by  any  usual  and  well-knovm  means,  and  change  wheels  may  be 
applied  to  suit  the  different  kinds  of  yam. 

In  tempering  the  strands  of  all  kinds  of  cordage,  whether 
shroud,  hawser,  or  cable-laid,  it  is  well  known  that  from 
vmons  causes  an  inequality  of  tension  between  the  different 
atrands  intended  for  the  same  rope  takes  place,  and  is  most 
commonly  apparent  during  or  after  the  operation  of  hardening, 
some  of  the  strands  becoming  too  slack,  others  too  tight,  and 
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ocmfleqtienlly  of  uuequal  lengtbsi  though  originally  ihey 
may  have  been  of  equal  length,  and  have  received  the  same 
twisting  or  number  of  turns  by  machinery  of  the  most  improved 
and  perfect  construction,  fa  cases,  therefore,  where  this  in- 
equality appears,  the  strands  require  to  be  rectified,  by  being 
brought  to  an  equal  degree  of  tension,  in  order  that  each 
maybear  its  equal  portion  of  strain  in  the  rope  when  made* 
Tlie  operation  for  effecting  thb  object  is  commonly  called 
tempering  the  strands ;  and  the  method  in  general  practice  is 
to  give  more  twist  to  a  slack  strand^  or  to  take  twist  out  ci  a 
tight  one,  or  to  do  both.  In  some  rope-grounds  where  the  ma- 
chinery is  driven  by  steam,  or  other  considerable  power,  the 
method  adopted  is  to  give  more  twist  to  the  slack  strands, 
which  is  done  by  stopping  the  twisting  of  the  ti^test  strand^ 
by  throwing  its  hook  out  of  geer,  and  to  kee]^  it  wutmg  in 
that  position  until  the  slack  strands  have  twisted  up  to  the 
same  tension. 

These  methods  in  most  cases  are  defective ;  because  the 
strand  to  which  more  twist  is  pven  is  thereby  rendered  leaa 
pliable,  and  is  of  smaller  circumference }  consequently  it  caa- 
not  top  or  lay  uo  in  the  rope  evenly  and  rq[ularlv  with  the 
other  strands  which  have  less  twist ;  for  the  baraer  twisted 
one  will  in  the  rope  sink  inwards,  and  the  others  stand  out- 
wards and  form  more  of  a  spiral  round  the  harder  twisted  one, 
which  will  thereby  have  more  than  its  proportionate  strain 
in  the  rope  to  bear,  and  will  also  be  least  enabled,  when 
under  a  strain,  to  stretch  up,  so  as  to  avail  itself  of  the  as- 
sistance of  the  others,  and  by  consequence  must  be  the  first 
to  break.  Should  the  inequality  of  t^sion  be  occasioned  by 
any  oru^nal  inequality  of  thickness  in  the  strandis,  the  smallest 
one  will,  during  the  process  of  hardening,  become  the  slack- 
est, and  in  tempering  by  twisting  it  up  to  the  tension  of  the 
tightest,  the  inequality  of  size  will  by  that  means  be  inoeased ; 
for  the  more  it  is  twisted,  the  still  smaller  in  circumference, 
as  weU  as  shorter  in  length,  will  it  become.  But,  supposing 
all  the  strands  were  originally  of  equal  thickness,  and  that  the 
inequality  in  tension  proceeded  entirely  from  an  error  in  the 
original  lengths ;  it  is  plain,  that,  by  tempering  according  to 
the  methods  in  question,  (and  no  other  methods,  after  the 
strands  are  fixed  on  the  hooks,  and  the  work  has  commenced, 
can,  by  any  machinery  hitherto  in  use,  conveniently  be  adopted^ 
the  same  defective  principle  still  applies,  whidi,  by  causing 
one  strand  to  be  harder  twisted,  and  consequently  to  become 
of  a  smaller  size,  and  another  to  be  softer  twisted,  and  to  be- 
come of  a  larger  size,  prevents  the  whole  from  jointly  forming 
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a  regular  and  perfect  rope,  and  to  stretch  equally  when  under 
a  strain,  as  already  described. 

As  a  more  convenient^  accurate^  and  certain  method,  than 
any  hitherto  practised,  appeared  to  be  necessary,  Mr.  Dun- 
can invented  and  adopted  a  new  mode  of  tempering  the 
strands  of  all  kinds  of  cordage,  whether  shroud,  hawser,  or 
cable-laid :  the  nature  and  general  principle  of  which  is,  to 
cause  any  one  strand-hook  of  the  foreboara,  or  foreboard-ma- 
chine,  when  the  strand  attached  to  it  requires  to  be  tightened, 
to  recede  from  its  corresponding  opposite  hook  of  the  sledge 
or  stranding  machine,  to  which  the  other  end  of  the  strand  is 
attached;  or  when  it  requires  to  be  slackened^  to  cause  it  to 
advance  towards  its  corresponding  opposite  hook,  thus  bring* 
ing  all  the  strands  to  an  equal  tension,  without  one  strand* 
hM>k  making  more  revolutions  than  another.  And,  what  is  of 
essential  importance  to  this  invention,  the  operation  may  be 
performed  leisurely,  as  occasion  may  appear  to  require,  either 
before,  during,  or  after  hardening  the  strands,  without  stop- 
ping the  twisting,  or  other  motions,  or  occasioning  any  inter- 
ruption to  them  whatever;  and  with  more  ease,  minute 
accuracy,  and  uaefol  e£Fect,  than  by  any  other  method  yet 
practised  for  the  purpose. 

In  order  more  particularly  to  exemplify  and  illustrate  this 
part  of  the  invention,  we  have  annexed  engravings  of  the 
maehinery  which  Mr.  Duncan  has  contrived  and  adapted  far 
the  purpose. 

In  fig.  491«  ABC  represent  the  upper  pait  of  the  framing  in  which  the 
madiinery,  placed  at  the  foreboard^  is  fixed;  C  being  the  front  of  it,  fiiclng 
or  lo(dung  down  the  rope-walk.  D  is  a  toothed  whcNel,  receiring  motion 
from  anj  external  machmeiT.  This  wheel  drives  the  other  toothed  wheel  £, 
and  either  of  them  can  be  changed  to  suit  the  speed  of  the  motion  required. 
The  toothed  wheel  £  is  fixed  upon  the  axis  of,  and  gives  motion  to,  the 
toothed  wheel  or  fluted  cylinder  F ;  which  cylinder  driyes  the  four  pinions 
J,  2, 3,  4,  whose  axles,  to  the  hooks  of  which  the  rope  strands  are  attached 
when  twisting  and  tempering,  are  the  lour  strand  hook  spindles  a,  b^  e,iL 
To  answer  the  purpose  of  the  inyentioni  the  strand  hook  spindles,  besides 
haying  the  rotative  or  twisting  motion  which  we  have  already  described, 
are  so  contrived,  for  the  tempering  of  the  strands,  that  any  one  or  more  of 
them  may,  wliile  the  twisting  motion  is  or  is  not  goins  on,  be  made  to 
slide,  in  a  horizontal  direction,  parallel  with  the  axle  of  the  cylinder  F, 
along  any  part  of  its  length,  either  backvrard  or  forward,  as  shall  now  be 
explained.  The  strand  hook  spindles  having  to  slide,  as  has  been  said,  in 
»  direction  parallel  to  the  axis  of  the  cylinder,  are  of  comae  placed  in  that 
direction,  and  so  as  their  pinions  may  pass  each  other.  The  positions  of 
these  pinions  round  the  cylinder  are  seen  in  fig.  482,  which  represents  a 
front  view  of  the  machinery;  the  same  references  in  each  figure  being  used 
to  denote  the  same  part.  As  all  the  four  stzaiid  hook  sjrindles,  with  their 
accompaniments  and  immediate  oonnectionB,  are  pracuely  the  same,  a 
description  of  one  will  be  sufficient ;  we  will  therefore  take  the  spindle  6, 
in  fig.  481.    GH  is  a  long  or  male  screw,  a  few  inches  longer  than  the 
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cjlinder,  upon  whidi  is  fitted  the  nut  or  female  screw,  e^  having  spokes  or 
arms,  to  admit  of  it  being  turned  by  hand.  Joined  fast  to  this  long  screw 
is  a  head-piece  or  claw  f,  within  which  a  carrier  or  step  is  fitted,  and  in 
which  the  adjoining  end  of  the  strand  hook  spindle  revolves.  Two  collars, 
g  and  Ay  fitted  on  3ie  spindle,  one  on  each  side  the  step,  cause  the  spindle 
to  accompany  the  long  screw,  either  backward  or  forward,  when  moved  by 
turning  the  nut  e,  the  rotative  motion  of  the  spindle  going  on  at  the  same 
time  if  required ;  t  and  k  are  two  steps  or  guides,  fixed  on  the  cross 
framing  B  and  C,  through  which  the  spindle  may  pass  and  repass,  and  in 
which  It  also  revolves ;  <  is  a  carrier  of  the  same  description,  fixed  on  the 
cross  framing  A,  through  which  the  long  screw  may  pass  and  repass,  but 
without  reroiying.  Fast  upon,  and  projecting  from  the  head-piece/,  and 
consequently  accompanying  the  long  screw  and  spindle  in  the  sliding 
movement,  (see  the  side  view,  fig.  483,)  is  the  tongue  m,  the  end  or  point  of 
whidi  is  fitted  to  pass  along  during  that  movement  in  a  slot  in  the  rail  n, 
fixed  parallel  with  the  long  screw  and  spindle,  between  the  two  cross 
bearers  A  and  B. 

The  object  of  this  contriyance  is  to  prevent  the  spmdle 
(one  end  of  which,  as  has  been  shown,  revolves  within  the 
head-piece  of  the  lonff  screw)  from  carrying  round  the  screw 
along  with  it,  and  to  keep  the  screw  and  its  head-piece  at  all 
times  steady,  and  in  a  direct  line  with  the  spindle.  For  the 
purpose  of  keeping  the  long  screw  stationary  in  the  situation 
to  which  it  may  have  been  kst  set,  the  pull  of  the  strand  on  the 
hook  (by  pressuig  and  abutting  the  screw-nut  e  against  the 
back  of  the  carrier  /)  will  always  be  found  to  be  sufficient. 
The  diameter  of  the  cylinder  F  may  be  about  two  feet,  and 
that  of  each  of  the  fore  pinions  ly  2, 3>  4,  about  one  foot, 
more  or  less,  according  to  the  speed  desired,  and  the  discre- 
tion of  the  mechanic.  The  pitch  of  their  teeth  should  be  the 
same  as  that  of  the  teeth  of  the  cylinder.  The  length  of  the 
cylinder  should  at  least  be  equal  to  the  greatest  difference  or 
inequality  of  length  ever  likely  to  take  place  between  the 
slackest  strand  and  the  tightest  strand  intended  for  the  same 
rope,  previous  to,  or  during,  the  operation  of  hardeniiig,  when 
they  are  both  brought  to  an  equal  tension  by  tempering 
according  to  this  method.  The  inequality  of  length,  or,  iu 
other  words,  of  tension,  which  takes  place  in  the  strands 
during  the  process  of  hardening  them,  is  generally  found  to  be 
in  proportion  to  their  circumference,  and  is  more  in  a  set  of 
the  large  strands  than  in  the  small.  In  rope- walks,  therefore^ 
where  cordage  of  the  largest  size  is  manufactured  for  the  use 
of  his  Majesty's  navy,  the  length  of  this  cylinder  should  not 
be  less  than  tour  feet ;  but  Mr.  Duncan  has  found,  by  expe- 
rience, in  manufacturing  cordage  for  merchantmen  of  the 
greatest  burtheUf  that  few  cases  occurred  where  it  was  requisite 
for  the  length  to  be  more  than  three  feet.  In  rope-walks 
where  cords^e  on  the  common  principle  is  manufactured,  some 
additional  length  is  necessary.     £ach  of  the  four  pinions  is 
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fmttteried  upon  the  middle  of  the  length  of  its  Btiund  l^oolf 
swindle.  Supposuigj  therefore,  that  tibe  pinion  2  should  be 
set  8o  as  tol>e  exactly  at  one  end  of  the  cylinder  next  to  the 
cross  framing  B,  it  must  be  enabled  to  slide  along  to  the 
opposite  end  next  the  cross  framing  C,  and  also  back  again 
to  D^  for  this  purpose  the  spindle  must  always  be  kept  iir 
its  steps  or  carriers,  t  and  ky  which  support  it,  and  in  which^ 
it  both  slides  and  revolves,  and  therefore  it  requires  to  be 
doable  the  length  of  the  cyUndor,  besides  an  adididonal  length 
e^ual  to  the  spaces  in  its  passage  occupied  by  the  necessary 
steps,  framing,  clearances,  &c.  The  length  of  the  long  screw 
G  H,  and  of  the  rail  n,  are  each  the  length  of  the  cylinder, 
and  correspond  with,  or  are  a  few  inches  longei'  th&n  the 
sKding  dista<ice,  to  allow  for  steps,  &c.  as  above.  It  hds 
been  shown,-  that  the  cylinder  drives  the  four  strand  hook 
spindles,  and  that  any  one  of  them  can  be  moved,  by  means 
of  its  screw,  either  backward  or  forward,  without  interrupting 
its  own  rotatory  motion,  or  the  rotatory  motion  of  any  of  the* 
others;  the  teeth  of  the  pinions  being  for  this  purpose  kept 
in  geer  mth,  while  at  the  same  time  tbey  are  made  to  slide 
along  between,  the  teeth,  or  in  the  flutings  of  the  cylinder. 

Suppose,  then,  that  the  strands  are  attached  to  theiif 
respective  hooks,  and  the  pinions  set  so  as  to  be  all  at  an 
equal  distance  from  each  end  of  the  cylinder,  and  all  the 
strand  hook  spindles  gouig  round,  twisting  and  hardening 
the  strands,  the  operation  of  tempering  is  performed  merely 
by  turning  round,  by  hand,  as  often  as  required,  any  one  or 
more  of  the  screw-nuts  either  way  about,  as  the  case  or  casesr 
may  require,  according  as  any  one  or  more  of  the  strands 
require  slackening  or  tightening  for  bringing  them  all^  fo  an 
equal  tension.  Thus,  in  order  to  slacken  a  tiffht  ^rand,  its 
hook  must  be  advanced  forward  further  from  the  firont  of  the 
framing  C  ;  and  in  order  to  tighten  a  slack  strand,  its  hook 
must  l^  drawn  in,  towards  the  fiuming. 

Fig.  484  is  a  side  view,  representing  some  Tariation  in  the  madiinery  for 
effecting  the  hiding  movement  of  the  strand  hook  spfndles  on  the  saoike 
principle^  and  answering  the  some  purposes,  as  ^e  plan  in  ha.  481,  already 
deseribed.  After  the  niU  descriptions  and  e^qplanations  lUready  grren^  a 
very  short  account  will  be  sufficient  to  make  this  fully  understood  :  6  is  a 
strand  hook  spindle,  similar  to  those  in  fig.  481,  excepting  that  the  pinion 
2  is  not  made  fiist  upon  it,  because  it  has  to  pass  or  shde  through  the  axle 
hole  of  the  pinion.  In  ordec  that  the  spmdle  may  at  the  same  time' 
levolve  with  the  pinion,  the  slot  10  is  cut  upoik  one  side  of  the  spindle, 
(the  length  of  the  slot  being  the  sliding^  distance,)  which  slot  receives  a 
feaUier  or  key  in  the  aide  hole  of  the  pinion,  throu^  Which  the  slotted  part 
«f  the  spindle  is  to  pass  and  repass,  as  occasion  may  reqaire,  the  feather 
alwayt  remaiaing  m  the  slot  to  carry  round  aAd  give  the  totatory  of 
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nrifti^g  aolm  W  tfae  spipkH*.  Tie  partii  /»  £,,  and  A  an  exacdir.  the 
nine  as  the  partB  «hicK  have  the  same  chaFacten  in  fig.  481 .  I  is  a  radt,  (to 
answer  the  same  purpose  as  the  Ions  screw  in  ^.  4tt,)  which  the  pinion  ^ 
by  means  of  tiie.hanqle  is  mores  either  badcwaid  or  forward.  The  imtchet*^ 
iiditel^A  and  its  cat^hoid  the  tack  and  pinioB  ttationaxy  in  the  situatina 
to  which  they  may  bs  set ;  is  and  ik  are  the  st^  in  which  the  spindly 
rerolvesy  and  thowgb  whidi  it  also  slides;  m  are  two.  rings  or  washers, 
loose  upon  the  spindle,  between  the  step  t  i  and  the  pinion  2,  intended  to 
oualiff  the  fiiction  during  both  the  shdin^  and  the  rotatory  opeiatioa  of 
lue  spindle ;  #  is  a  guide  or  step  for  the  rack  to  slide- in,  oMde  sqvan  at 
the  bottom,  which  leacksrs  the  tongue  and  slot,  shown  in  fig.  483,  umieees* 
avy.  The  wheel  K|  receiving  motion  fiom  aiqr  external  machineiy,  drives 
the  pinion  2.  Change  wheels,  for  varying^  the  motion^  may  be  applied  to 
this  method  in  the  same  wi^  as  in  fig.  481. 

From  what  hfur  alrcadf  been  described^  it  will  ap^ear^  tfait 
the  Strang  hook  sf^de  magi;  br  meana  of  the  rack  I  and 
pioicm  0%  be  drawn  of  alided  rither  backward  or  forward, 
tliroug^  its  pfaiion  2,.  without  interrupting  ita  rQtatQr]f  motion ; 
the  piaim  2  alwava  lie<q[^ing  in  gseer  widi  th«^^ 
it  ta  driven^  and  widch  latter  may  receive  ita  motion  fpom 
any  external  machinery.  Referring,,  therefore^  to  the  former 
descriptipn*  it  ^dll  he  evident^  wi£ont  further  explan^ion^. 
by  whatmeana  the  strands  are  to  be  tempeved  by  this  variatioa 
in  the  machinery. 

Hie  reader  will  observe  that  tiiere  are  two  priaciples  by 
which  the  strands  of  oosdage  may  be  tempered  or  brought  ta 
an  e^ual  t^nrion ;  the  one  by  camaing  any  one  or  more  of  the 
strand  hook  spindles  either  to  advance  or  recede,  whereby  an 
equal  tension  wUl  be  effected  without  one  spincBe  making  more 
revolutipns^ihan  another ;  and  the  other,  that  of  causing  any 
one  or  more  of  the  strwd  hook  spindles  to  be  at  rest  while 
the  others  ai»  revolving;  whereby  an  equal  tension  will  be 
effected  by  an  unequal  nimiber  of  ravcdutions.  If  one  of 
these  two  nrindpies  only  is  to  be  adopted,  Mr.  Dtmcan 
prefei^  thcL  rnvnueor,  as  being  generally  more  appropriate  and 
effectual.  Aes,  howev^,  it  sometimes  occucb  in  practke^ 
that  the  application  of  the  one  principle^  sometimes  of 
Ae  other^  and  sometimes  of  both,  pvaves  to  be  the  most 
pvoper  and  e£Bbctual  remedy,  Mr.  ikmcan  has  invented  a 
still  more  perfect  method,  by  which  either  or  both  of  the 
principles  may  be  practicalty  applied  in  one  set  of  macfaineryi^ 
This  object  which  nad  neviv,  we  believe,  been  before  aoonm- 
plished,.  is  effected  metely  by  applying  to  either  of  the  two^ 
varieties  of  mai^inery  before  deseribi^,  an  additional  apya- 
latus,  sa  that  all  kinds  of  cordage-strands  mw  thereby  Be 
tempted,  either  entirely,  by  the  principle  of'^cauaing^  aay 
one  or  more  of  the  strand  ho^k  q^dies  te^  advance  or . 
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teet^ ;  oc  entirelv^  by  cauiiing  any  Me  ^  more  <9r  the 
ptnmd  hook  spindles  to  be  at  rest  while  the  others  are 
reviolving ;  or  partly  by  the  one  and  prtiy  by  the  other, 
aceoriin;  as  the  oiighial  cause  occasioning  the  inequality  of 
tension  in  the  different  strands  may  point  imt ;  the  whole^-  or 
^ny  p<u^  of  the  operations  goin^r  on,  either  together  or 
•eparatdy,  as  may  be  found  couvement,'  without  interruptioo 
to  each  raier. 

fig'  4B5  IS  a  plan  showing  the  additional  machinery  for  tempering,  Irf 
eooibuuDgf  the  two  principles  as  adapted  for  the  first  described  machinery^ 
represented  in  fig.  481.  The  difference  between  the  machinenr  of  fig.  48f^ 
and  that  of  fi^^.  485,  consists  chiefly  in  the  latter  having  its  pinion  2  loose 
iqpon  the  twistia|f  spindle  by  but  confined  between  two  colbm,  whidi  are 
fitft  upon  the  spiftdle.  The  reason  of  the  pinion  running  on  a  loose  round 
is,  thai  it  may  oe  either  put  in  or  out  of  geer  with  the  spmdie,  by  means  of 
die  catch-box  t  and  lever  «.  The  catch-box  has  a  slot,  fitting  a  feather 
OD  the  spindle,  in  order  that  it  may  revolve  with  it,  as  well  as  slide  in  or 
out  of  geer,  when  moved  by  the  lever.  The  ratdiet-wheels  o  and  w  am 
fiui  upon  the  spindle,  one  having  teeth  cut  the  reverse  of  the  other,  tiiat 
either  of  the  two  palls  x  and  y  may,  when  the  spindle  is  thrown  out  of  geer 
with  the  pinion,  prevent  the  strands  firom  untwisting,  as  otherwise  the 
spindle  would  be  at  liberty  to  be  acted  upon  by  the  ferce  of  twist  already 
in  the  strand.  The  pall  y  is  flat  towards  the  point  for  holding  against  ths 
ratchet-wheel  to  for  a  right-hand  twist,  and  the  pall  x  is  hooked  towards  its 
point  &>T  holding  the  wheel  v  for  a  left-hand  twist.  So  fkr,  this  apparatus 
would  serve  the  purpose  either  of  keeping  in  geer,  or  stopping  the  rotatory 
motion  of  the  spmdie,  provided  it  were  not  also  required  to  perform  the 
sBdnig  movement.  In  order,  therefore,  to  complete  the  apparatus  fi)r  boA 
these  purposes,  the  arm  ;*,  fiisteued  to  the  claw  or  head-piece/,  and  forming 
one  piece  with  the  long  screw  G  H,  stretches  alongside,  parallel  widi  the 
spindle^  so  that  its  other  end  is  nearly  opposite  to  the  pinion,  where  it  ii 
fnmished  with  two  ears,  having  each  an  eye  or  ring,  7  and  7,  fitting  easy 
upon  the  itMiad  iron  rod  8 ;  which  rod  is  fixed  parallel  with  the  spindli^ 
between  tfaeerose  framing  B  and  C.  The  step  9,  on  the  cross  frammg  B^ 
serves  as  a  guide  for  the  arm  g.  It  is  necessary  that  the  distance  between 
B  and  0  should  be  as  much  longer,  than  the  mstance  in  fig.  481,  as  tbs 
length  taken  up  or  occupied  by  ^e  catcfti-box  and  ratchefe-wheels.  The 
miadle  also  wiU  require  this  additional  length.  The  arm  x,  during  the 
ending  movement,  has  to  conduct  with  it,  along  the  rod  8,  the  lever  «,  and 
the  two  ratchet  palhi  x  and  y,  the  red  serving  them  also  as  a  guide  during 
the  jliding  movement,  and  at  all  times  as  an  axle.  Though  the  pinion  t 
is  alwagrs  ^n  geer  with,  and  carried  round  by,  the  <^linder  F,  fig.  481,  yet 
the  spudle  only  goes  sound  when  put  in  geer  with  the  catdi-box  by  the 
lever ;  therefore  the  rotatory  motiop  of  the  ^ndle  may  at  any  time,  an^ 
for  any  epaoe  of  lime^  be  atjgnped,  for  the  purpose  of  causing  the  twist  o 
iSs  stzane  to  cease,  mile  at  the  same  time  the  other  strands  are  twisting 
up.  Though  only  one  spindle  is  here  spoken  o^  itis  evident  that  ^l  or  any 
or  tfaem  m^,  fh>m  being,  furnished  with  the  atppamttts  now  deecribed,  be 
■eade  either  to  give,  or  eease  fi-om  giving  twist,  iidule  any  one  or  more  of 
Sbe  wfkdkB  eimr  may  at  may  sot,  as  required,  be  perfiirming  the  sliding 


.  Tw.  486  is  a  side  view,  showing  the  method  Adapted  f<yt  the  second 
dascnbed  nadiinery,  as  represented  hi  fig.  484,  the  Bfpm»H  in  this  sen 
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applying  to  tht  narrow  wheel,  aiui  that  in  the  former casa  of  fig.  485>  appfjr-'' 
ing  to  the  wide  wheel  or  cvlinder  F.  The  difference  between  the  one  and 
the  ether  is,  that  the  spindle  and  pinion  in  fig.  485,  slide  together,  as  in 
fig.  481,  whereas  in  the  figure  now  to  be  described  the  spiadlc  sKdaa 
through  the  pinion,  as  in  fig^  464.  The  spindle  6  iir  this  figdie  is  siniUar  to 
that  in  fig.  484,  having  a  slot,  to  reoeive  a  feather^  whidi  is  fixed  in  the 
catch-box  t.  The  pinion  2,  which  is  always  in  geer  with  the  wheel  K,  is 
&stened  on  the  busn  11,  running  loose  upon  the  spindle  b.  This  bosh, 
being  furnished  with  the  collar  12,  serves,  by  means  of  its  levolnng  hi  the 
cavity  13,  adjoining  the  step  i,  to  keep  the  pinion  in  its  proper  plaeev 
daring  the  spindle's  sliding  movement :  t  and  k  are  two  steps,  answering 
the  same  purpose  as  those  of  the  same  characters  of  reference  in  ^.  484 : 
V  and  w  are  two  i^atchet-whe^,  fiut  to  each  other,  but  not  fast  on  the 
spindle,  having  a  feather,  fitting  the  slot  of  the  spindle,  in  order  that  they 
may  hold  it  fast  when  occasion  requires,  and  that  it  may  pass  and  repass 
through  them  during  the  sliding  movement.  These  rateliet-wheels  are 
furnished  with  their  two  pails  x  and  f/,  altogether  answering  the  same  par- 
pose  as  those  described  m  the  farmer  fig.  485.  The  catch-box  f,  having 
also  a  feather,  fitting  the  slot^  is  furnished  with  a  lever,  (not  shown  in  the 
figure,)  answering  Uie  same  purpose  as  the  one  marked  u,  in  fig.  485 ;  but 
to  suit  the  present  case,  it  works  on  a  stationary  pivot,  fixed  to  tfie  framhig 
of  the  machine,  the  two  ratchet  pafls  also  work  on  pins  fixed  to  the 
framing;  and  their  wheeb  v  and  ur,  being  furnished  with  the  rim  or 
fencing  14,  are  kept  always  opposite  to  the  palls,  by  means  of  a  bracket, 
(fixed  to  the  framing,  but  not  seen  in  the  figure,)  hoflowed  out  to  receive 
the  rim.  It  will  be  evident,  from  what  has  here  been  ^aid,  that  the  opera- 
tion of  striking  in  and  out  of  geer  tlie  rotatory  motion  of  the  spindle  is 
performed  exactly  in  the  same  manner,  and  also  answers  the  same  purpose, 
as  that  described  under  fig.  485 ;  and  that  the  sliding  movement  of  Che 
spindle  in  both  cases  is  performed  in  the  same  manner,  and  answers  the 
same  purpose,  as  described  under  figs.  481  and  484,  either  one  or  other  of 
the  methods,  under  figs.  485  and  486,  combining  the  two  principles  of  tem- 
pering strands  in  the  manner  previously  pointed  out. 

Though  in  the  first-described  machinery  it  has  been  shcAim, 
that  the  sliding  movement  of  the  strand  IkmIls  may  be 
effected  by  means  of  a  male  and  female  screw^  and  in  the 
second-described  machinery  by  that  of  a  rack  and  pinion, 
yet  it  will  be  seen,  that  either  means  may  with  eqiial  pro- 
priety be  applied  to  either  machinery.  And  »  eompelent 
mechanic,  from  what  has  been  described,  will  easily  perceive 
that  any  other  power>  such  as  that  of  a  lever,  weight,  or  rope 
and  puUey,  or  one  or  more  of  them  combined,  may  be  applied 
for  the  same  purpose,  though  in  the  first  preference  be  given 
Co  the  screw,  ana  in  the  next  to  the  rack. 

The  next  part  of  the  invention  «to  be  described  is  a 
new  method  of  regulating  both  the  backward  and  forward 
travelling  movements  ef  any  sledge  or  other  locomotive  ma- 
ehine  that  is  or  may  be  used  in  a  rope-walk»  The  back* 
ward  movement  of  the  stranding^s]edge,.or  the  retrograde 
movement  of  that  machine  towards,  the  bottcfm  of  the  rope- 
valk  by  which  strands'  are  drawn  out^  in  rope-walks  where 
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the  improred  or  patent  ptincipl^  cf  rope-making  is  adopM^ 
lias  hithetto  been  effected  by  means  of  a  lope  implied  in 
different  ways  for  the  purpose.  In  some  cases  the  rope  is 
made  to  haul  the  sledge  baclcwards,  by  fastening  one  end  of 
It  to  the  sledge,  and  the  other  round  the  capstan  or  barrel^ 
at  the  bottom  of  the  rope-walk ;  and  in  other  cases  the  rope 
18  stretched  tight  akmgy  and  made  &st  at  each  end  of  the 
rope-walk,  and  two  or  more  doubles  ^r  bights  of  it  passiiq; 
round  and  grasping  the  same  number  of  grooved  binding 
sheeres  in  the  ^edge,  which  rerolre  by  connection  with  the 
rotative  motion  of  the  strand  hooks^  from  which  the  other 
motions  are  derived :  thus  the  sledge  works  itself  backwards 
along  the  rope. 

The  great  object  to  be  attained  in  regulating  this  backward 
motion  18^  to  cause  it  always  to  preserve  a  certain  speed  in  a 
given  ratio  with  that  of  the  rotative  motion,  in  order  that  the 
strands  may  always  receive  the  degree  and  uniform  dLrtribotfeii 
of  twist  intended*  But  in  whatever  way  a  rope  has  hitherto 
been  applied  for  that  puipose,  the  object  -has  never  been 
efiectuaiiy  attained,  nor  the  operation  eouireniently  performed, 
because,  from  the  d^usticity  and  specific  gravity  of  the  ropo 
itself,  e3ctended  along  the  whole  length  of  the  rope-walk,  H 
has  been  found  impossible  to  keep*  it  accurately  stretched, 
and  equally  tight  mm  one  end  to  the  other,  so  diat  when 
the  sledge  is  in  motion,  particularly  when  first  struck  into 
geer,  it  pulls  up  the  slaclc  of  the  rope  from  the  bottom  of  the 
lope-wBlk,  and  its  retrograde  motion  is  thus  retarded  in 
proportion  as  the  rope  may  stretch,  sUp,  or  give  way* 

The  retrograde  moHton  loses  therefiire  its  relative  speed 
commensnrate  with  th^t  of  liie  rotative  motion  .of  the  strand 
hooks,  which  have  in  the  mean  time,  without  interruption, 
4»ntini»d  to  put  twist  into  the  strands.  Instances  are  not 
mifrequent  where  they  have  been  twisted  to  such  a  degree 
as  nearly  to  break  them  asunder  before  the  rope  conld  be 
l^^tened  sufficiently  to  cause  the  sledge  to  move  on  at  its 
proper  speed ;  and,  on  the  whole,  it  is  obvious,  that  by  the 
present  method  of  thawing  out  the  stnmds,  they  can  neither 
receive  their  proportionate  twist  nor  the  distribution  of  it^ 
Hie  labour  required  in  applying  the  rope  is  besides  extremely 
inconvenient  and  troublesome,  because  it  requires  to  be  first 
fixed  to  the  sledge,  or  round  its  binding  sheeves,  at  the  tof 
of  the  rope-walk,  then  tightened,  and  afterward  disengaged 
at  <the  -  bottom,  on  every  single  occasion  of  drawing  out  a 
siRiiid  or  set  of  strands.  The  plan  also  is  expensive,  because 
ithe  constant  wear  and  tear  is  considerable,  and  ^requires  th^ 


l^cqi 
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ftopttobefipeqawUy  rawrtd.    An  ir»A  chain  majr  Sndted 
be  applied  for  the  Duipoae^  and  though  &ot  reqainogto  be  wo 
irequently  Ttnewed^  it  is  eqiudly  olyjectumabk  with  the  rope 
In  most  other  respectay  and  oo  some  aocounta  more  ao*    The 
fimraid  ibOTement  of  the  atranduigi  toppings  aad  dragging 
aledgea,  ia  that  alow  progreaaive  movenieDt  ueceaaariiy  re- 
ipiired  towarda  the  top  of  the  rope*walk  by  the  shortening  or 
ahrinkinf  ap  of  Ue  stranda  in  twistfaig^  while  forming'on  the 
^oBUBon  pnnciple,  and  of  the  atranda  and  cordage,  dther 
eommon  or  patent,  whilst  hardening  and  topping.    It  wQI 
ffeadiljr  be  aeeu,  that  this  nNiTettient  ahonld  also  be  uniformly 
M^hur,  in  a  nven  proportintai  to  the  t^wiating  motion,  and 
that  the  travemng  distance  should  be  neither  more  nor  less 
tium  the  length  the  strand  or  n^  ooght  to  shrink  up. 
According  to  the  usual  method,  a  number  of  preaa  barrels  or 
mdf^bJ^  aie  placed  on  tibe  strandii^  o?  taj^ing  sledge,  or  on 
m  £ag  dedge^  attached  to  their  tad  eaad,  to  senre  as  a  resiat- 
H^ce  wainat  tiie  pull  of  the  strand  or  rope,  when  shrinking 
up.    Mt  as  the  quantity  of  weight  to  be  applied  is  to  be 
vwied  and  piroportioned  to  the  siseoit  the  strand  or  ropci  and 
degf^  of  twist  required,  and  aa  the  friction  ci  the  dn^  on 
Ae  gimad  ia  gneatar  on  aome  paifts  than  on  others,  the 
opermoB,  depending  on  ctiteriona  so  uncertain,  must  be 
attended  with  a  great  degree  of  fnegukrity,  both  with  r^;ard 
to  die  sladge  slidii^  ^ter  or  slower,  and  ako  with  regard  to 
abe  whole  lengtjii  to  which,  ereutually,  it  may  be  dragged  j 
thereby  occasioning  a  ^tiportionate  irregulaii^,  both  in  the 
distributimi  and  total  quailts^  of  tmst  or  lay  in  the  atranda 
mt  mpe,  comaponding  witib.  tfaeur  leai^iftt^ 

The  object,  therefore,  of  thia  inTention,  with  regard. to  the 
Imckwar4  movement,  ia,  to  cause  the  sledge,  or  any  other 
)oconuitiye  or  traveUing  machine  iiaed^  or  thatrmay  he  used, 
kk  a  rope-walk,  to  tnnnd  and  recede  down  the  wftJk  at  one 
ntti&ivm  speed,  sueh  aa  shall  be  predetennined  aa  yroportioB^ 
pte  with  the  ratatcny  speed  of  the  twisting  hooka  oi  thp 
paachine,  so  as  to  caaae  the  twist  to  be  uniformly  regular 
thaeughout  each  opetafdon.  Andtheolfectof  thisinventiAB, 
with  regard  to  tfae>bner«rrf  movement^  is>  toeanse  the  sledge, 
or  other  movable  i^achine,  to  which  any  kind  of  striand  or 
rope  may  be  attadied,  fixr  the  purpose  oi  being  Samvi, 
hardened,  or  bid,  to  travel  slowly,  and  advance  up  the  watk, 
itaring  the  opendion,  at  one  unifimn  predetenoJned  mo^iol^ 
and  predaely  the  kwth  or  distance  aaaigned  to  it,  etfml  to 
that  which  the  alranoa  or  rope  ougUt  to  shrmk.  up  ai  the 
operalhm* 


Hm^  stoled  the  otjvet  of  tidi  put  of  «he  termlicm^ 
'We  shall  now  proceed  to  show  HM  tJie  nfttorfe  tmd  ffmAM- 
mental  principle  of  it^  and  the  means  for  l&ccuYately  ant 
eoBreaiently  attaining  all  the  objects  in  view,  both  with 
t^faid  to  tbe  badcwsrd  and  forward  movemedty  cdnmst  ina 
irack,  or  rack-way,  of  cast-iron,  or  ctiitKr  ntdtable  niataM, 
hiA  down  and  fiked  npon  and  alon^'the  rb^-Walk,  from  one 
^end  of  it  to  the  oAer,  parallel  with  a  railway,  upon  whi<^ 
the  siraading  tdedge,  or  any  other  aledge  jor  loeomotive 
amachhie,  ift  to  travel.  Hie  teeth  of  the  niek-way  4tre  &  liye 
name  pitch  as  the  teeth  of  a  wheel  whose  axle  is  th  the 
machine.  The  motion  of  thb  wheel  being  given  and 
governed  bf  ;tfae  other  motions  m  the  Buafhiae  wluch  torn 
^tlie  twisting  hooks,  the  travellhig  speed  of  the  madiine) 
whetiiisr  walking  backwatrd  or  forward,  becomes  tft  all-l^ili^ 
wulerm,  and  in  a  given  Certain  i^tio,  Wkh  the  8|>eed  of  its 
twisting  motion ;  for  the  whole  machinery'being  composed  d 
«geer  and  tootirtd  Work,  no-lmrt  of  it  is  HaMe  to  slip  or  yieUt 
T\gt  t«qftire4  Meeds,  4>oth  of  «rtiveffiA$:«rid  twisting  mothlMiy 
Hfre  adftietable  W  (change  wheels,  to  "Mt  ^ch  otber  m  thtt 
machine,  as  wi^>as  in  any  oth^  machine  oTiitiacbifies  thai 
.nay  be  empkiyedin  one  andihezSarae  operatbit*  i^  wheW 
laachinery  may  he  *diiv«n  by  an  .Jehdless  n/pe,  recavii^  -Ml 
motion  from  external  mtuAimeiry  at  the  Hbdp  df  1M  rdpe-^%itdl^ 
or  by  imy  other  means  in  use  tor  .driving  locomWi^  txS^ 
dimery ;  fer,  we  need  scai^e^y  observe^  Aat  'it  is  tnot 
neeesstfy,  fertile  pnrpose  irfprodti6ing<aceuMle'W«Ktk,  tfuA 
the  motion  whidi  goy^s  all  tlie  <iflief  s  ehodM  lite  unMdrtfr, 
1>ecaUB^  wiitBther  tfie  original  motibtt  be  quickidt  or  i»ldWi^ 
^  (me  thne  tlian  ai»other  during  the  i^ratioq^  the  motions 
depesdafcit  «n  it  wiH  'stifl  tkeep  tlieir  ^Miiportianate  «pee4. 
^n^  jOAly  diflteieenee  i«W  te  in  ^tbe  time  iA  wMeh  tfae%oA 
may  be  flniAed*  We  have  mentiettM  the  particiAir  e^^cMSi 
In  vrhieh  ikis  part  of  the  invention  is  more  esaentiatty  usiiifiil; 
but  Mr.  Duncan  claims  ^e  ^ppiioaMon  of  •the  jrack,  m 
manner  desmbed,  as  an  invention  mbserftent  to  «^«^ 
liltfpose,  in  any  stage  or  process  of  rope-makitig,^r  whtoi 
regularity  of  ti^velling  motion  to  any  madiin^,  tiOi^ 
^backward  or  .forward,  in  a  rope-walk  or  elsewhere,  jnifty  tie 
■required 

lo  ikat  part  of  ihe  drawing  entitled,  ^^ackward  and  Voih^kM  "Mbte^ 
fo^t^^  fig.  ASt  represents  ^  side  view  of  atraTelling  sledee,  or  locbfhbtiVe 
fnadniiie,  of  the  description,  and  for  the  purposes  referrid  tOj  moViVig  dn 


iDscnuiey  oi  ine  aescnmion,  ana  wr  uic  {luruvacB  tci^i^»A  w.  i«v»*ii5  «•« 
-ihe  railway  MM.    AB  is  a  side  view  of  the  rack-way  laid  d6iiim  akM 

&ed  on  the  wood  sleeper  N  N,  or  other  suitable  material^pposed  ^ 
'^citeading  from  the  top  to  the  bottom  of  the  rope-ground.    Tms  ihachltis 
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Js  repNMntod  ai  driven  by  ih/tfaM$K9  fope  O ;  13  tod  14  ne  two  ^oiAt 
puUiesi  to  eonduct  the  rQpe  in  ffoing  on  and  coming  off  thie-large  shoeye  or 
^ropvad  wheel  P,  round  whi(£  that  rope  (driren  by  external  macfaineiVy 
%nd  running  from  top  to  bottom  of  the  rope-ground)|>asses,  by  whidh  tne 
first  movement  in  the  sledge  is  given.  This  ^eeve,  giTing  motion  to  die 
spindle  or  shaft  Q,  and  being  coupled  with  tiie  shaft  R,  tains  the  pinion  1, 
which  drives  the  pinioB  2,  upon  whoso  shaft,  S,  is  the  small  bevol-whod  3, 
jdriving  the  large  bevel-wheel  4,  upon  whose  shaft  again  is  the  spur-whed5y 
driving  the  other  wheel  6 ;  which  last  wheel  works  in  the  rack-vray.  Tliia 
wheel  is  not  last  upon  its  shaft,  being  capable  of  sliding  thereon,  for  die 
porpose  of  being  put  in  and  out  of  geer  vrith  the  rack  by  means  of  te 
jeverT.  The  macnine  tncvelf  on  the  lailway  on  four  truck-wheeb :  tlie 
Xm9  sbovm  iq  this  $g^re  are  marked  7.  The  pinions  1  and  2  are  change- 
able, t^  ss^il  the  different  travelling  speeds  required. 

So  far  as  has  been  now  describ^  refers  only  to  the  backward  movement 
of  the  machine ;  which  movement,  it  must  be  understood,  is  in  the  diree- 
iion  along  the  nck-way^  as  'from  A  towaids  B.  T)ie  conUaiy,  or  fairwwrd^ 
;novement  is  of  course  in  the  direction  from  B  towards  A^aBdiseoiBeted  h^ 
giving  a  reverse  turn  to  the  wheel  6^  whi<^  vvorks  in  the  rack-way.  The  n^ 
cessary  machineiY  for  this  purpose  is  )he  small  pinion  8,  on  the  shaft  ^, 
driving  ^e  wheel  9,  on  the  shaft  U ;  which  last  stksA,  and  the  one  couplra 
with  it,  W,  lie  paraUel  with,  and  extend  to,  the  end  of  the  shaft  B,  in  order 
thai  Uie  pinion  10,  ^ed  on  the  end  of  W,  may,  when  required,  w<»k  in  die 
pinion  2.  T^  shfft  $  then  )>fipomef  common  to  both  the  pinions  1  and  10, 
and  may,  as  required,  be  driv^  by  either  the  one  or  the  other,  the  pinion  1 
Wng  for  the  backward  movem«nt^  and  the  pinion  10  lor  the  forward  move- 
ment, one  of  them  therefore  most  be  out  of  geer  while  the  other  is  in  gear, 
ne  figluB  sbow^  the  pinion  10  ^  out  ^f  geer.  Bat  aupposing  it  to  be  in 
seer  with  2,  and  the  pinion  1  out  of  geer  vrith  it,  the  eff^  is,  that  a  con- 
irary  mgtion  is  given  to  the  wheel  6.  which  works  in  the  rack-way,  by  means 
of  the  interveuine  wheels  3, 4,  and  5,  before  described.'  The*  twisting  mo- 
tTons  of  this  nuumine  are  produced  by  the  shaft  Q  being  continued  to  the 
fimit  ol  the  machine,  whese  the  wheel  11,  on  the  end  of  the  shaft,  drives 
1^  counter-wheel  12,  from  wfience  the  required  degree  of  speed  is  given  to 
ihe  twisting  hooks.  From  what  has  been  before  described,  it  will  be  seen, 
that  the  badiward  and  forward  motions  of  the  machine  are  produced  by 
i^eans  of  the  wheel  6  working  in  the  rack-way  either  way  about  as  required. 
As,  liperefore,  any  predetemuned  quantity  of  twist,  may  be  given  by  meanaof 
ihe  change  wheels  11  and  12,  whibt  at  the  same  time  the  maA|>m^  hm^  be 
^oade  totrav^  fi  any  given  predetermined  speed,  either  backward  or  forward* 
by  means  of  Uie  change  wheels  1,  2,  and  10;  and  as  the  twisting  as  well  as 
the  travelling  motions  are  driven  by  one  and  the  same  impulse,  ortginata^ 
In  the  machine  at  the  g^rooved  wheel  P ;  they  must  always  preserve  a  rela- 
tive speed  to  each  othcgr  in  such  proportion  as  may  be  assigned  to  them.  A 
.  forked  Icv^,  dajsping  on  thp  c^tch-box  15,  serves  either  to  put  in  or  out  of 
^eer  all  the  motions  of.  the  mafhine,  excepting  that  of  the  grooved  wheel  P. 

'  Fig.  488  Is  a  view  of  the  back  end  of  the  same  machine,  shovring  as  mudi 
of  the  machinery  H  is  necessary  foriinderstanding  it.  The  same  characters 
of  reference  used  in  fig.  1  denote  the  same  parts  in  this. 

Fiff.  3  ^  a  ])lan  of  part  of  the  lack-vray.  A  is  the  rack,  and  N  N  is  the 
^ood  sjeep^r  upon  which  it  is  fastened.  The  forward  motion  of  the  sledge 
,  }5  a  rezti^jKably  slow  movement ;  the  ^eed  of  the  wheel  6  therefore  requiita 
,,to  be  pon8iae|cably  reduced.  The  wheels  shown  in  the  figures  vnll  not  in* 
diice  the  motion  sufficiently  slow  to  suit  every  possible  occasion ;  but  enough 
^  show£«  to  enable  a  mechanic  readily  to  produce  any  degree  of  motion  thai 
;nay  be  required. 
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All  w  lay  paffi  of  ihe  macUiicrjr  wUch  we  hftve  dtseribed 
mr  be  driven  by  the  power  of  steam,  water^  wind^  or  animab. 

in  the  course  of  describing  the  different  machines,  and  their 
/component  parts^  adapted  tor  the  various  purposes  of  the  in- 
yenUoa,  we  have  seldom  taken  notice  either  of  their  dimen* 
Bions  or  of  the  materials  of  which  they  may  be  made,  becaase 
no  fixed  roles  can  be  given :  but  any  competent  mechanic, 
from  what  ^e  have  shown,  will  be  enabled  to  apply  such 
isizesy  and  use  such  materials,  as  may  be  suited  and  proportioned 
to  the  nature  and  design  of  each  machine,  and  to  the  power 
which  is  to  drive  it,  particularly  when  we  add,  that  the  figures 
in  the  plates  marked  **  Tempering,  and  Backward  and 
Forward  Movements,"  are  made  out  on  a  scale  |  of  an  inch 
to  a  foot,  and  that  the  dimensions  there  given  are  such  as 
vuj  with  effect  be  applied  in  practice. 


SAW-MILLS. 

Sasv-mijlls,  constructed  for  the  purpose  of  sawing  either 
(timber  or  stone,  are  moved  by  annuals,  by  water,  by  wind,  or 
by  steam.  They  may  be  distinguished  into  two  kinds ;  those  in 
which  the  motion  of  the  saw  is  reciprocating,  and  those  in 
which  the  saws  have  a  rotatory  motion.  In  either  case  the 
researches  of  theorists  have  not  yet  turned  to  any  account: 
instead  therefore  of  giving  any  uncertain  theory  here,  we  shall 
procetsd  to  the  descriptive  part,  and  refer  those  who  wish  to 
see*  some  curious  investigations  on  this  subject  to  a  Memoir 
on  the  Action  of  Saws,  by  Eulcr,  en  Mem.  Acad.  Roy.  Berlin, 

Reeipioosting  saw-UEnlls,  for  cutting  timber,  and  moved  by 
water,  do  not  exhibit  much  varietv  in  their  construction.  The 
saw-mill  represented  in  fig.  450  is  taken  from  Gray's  £x- 
.  perienced  MiU-wright ;  but  it  only  differs  in  a  few  trifling 
pacticnlars,  from  some  which  are  described  in  Belidor's  Arehi^ 
tedure  Ifydrauligue,  and  in  Gallon's  Collection  of  Machines 
lipprored  by  llie  French  Academy. 

Xlie  plate  just  referred  to  shows  the  elevation  of  the  mill.  A  A  the  shaft 
or  aile  upon  which  is  fixed  the  wheel  B  B,  (of  17§  or  18  feet  diameter,)  coiv- 
tainiog  40  buckets  to  receive  the  yr^itT  which  impels  it  round  C  C,  a  wheel 
upon  the  same  shaft  containing  96  teeth,  to  drive  the  pinion  No.  2,  having 
92  teeth,  vrhich  is  festened  upon  ^  iron  axle  or  spindle,  having  a  couplins- 
boz  on  each  end  that  turns  the  cranks,  as  P  D,  round;  one  end  of  the  pole 
iB  is  pot  Oft  the  crank,  and  its  othor  end  moves  on  a  joint  or  iron  bolt  at  F^ 
jn  the  lower  end  of  ike  frame  G  G.  The  crank  D  D,  being  turned  round  ip 
ft»e  pole  By  moves,  the  frames  G  G  up  and  down,  and  those  having  &aws  ip 
Ihem,  br  this  motion  cut  the  wooa.    The  pinion  No.  2  may  vroik  tw9i 
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iriMellMviagaAgiilArtMlfayVfakliOBietnd  of  the  inoaKtaikesholdoi^iriiae 
its  other  end  rolls  on  a  bolt  in  the  lerer  fi  H.  One  end  of  this  lerer  moves  on 
aboltmtly  the  other  end  nu^  lay  In  a  notch  in  the  frameOG  so  as  lb  be 
puflediipand  downby  H.  Thns  the  catch  K  poUs  the  iirfceel  loiriidU  ^MMfc 
te  «aich  I  ftJls  into  the  tMitfi  attd  pitveuu  it  fron  ^ong  hachniBdn, 

Upon  the  axle  of  No.  3  is  dbo  fixed  the  pinion  No.  4  takiD|  into  the 
teethin  the  under  edge  of  thfe  iron  bar,  that  is  fostened  npon  the  tane  tX 
nn  which  the  wood  to  be  cot  is  laid :  \q  this  means  the  frameTT  is  moved 
on  its  roDersSS»  along  the  fixed  ftameU  C ;  and  of  <»nne  the  woodiuMa^d 
upon  it  is  bro^^bt  t&immA  toOie  mnn  as  they  are  moved  vp  and  doim  by 
leaeonof  Ae  tomiiigof  tfaecnakDD.  V  V  the  mndnne  and  hmidle  <» 
taisethe  slake,  when  the  water  a  to  be  lelnpon  the  whed  B  S^  to  give  it 
motion.  By  puUing  the  rope  at  the  longer  arm  of  the  lever  >t,  the  pinion 
Vo.  2  is  put  into  the  hMd  or  gripe  of  the  whe^l  C  €,  *which  drives  it;  and 
by  puRing  the  rope  R,  this  pimon  iM  deaared  ftom  the  iwbeeL  Nd.  6,  a  pmioii 


Mntaiaing  t4  teeth,  drivoi  by  the  trimelCC,  and  hmvimg  mm  its  a^  a 
aheare,  on  which  u  the  rope  P  P,  |pa«ktf  to  the  shteTe  Nck  6,  to  tHm  it 
round;  and  upon  its  axle  is  fixed  the  pmion  No.7»  actiiqp  on  the  teeth  in  an  iron 


bar  upon  the  tnuneTT,  to  roll  that  mate  baclrwardsw^  ByfwiU- 

ing  the  rope  at  the  longer  arm  of  the  lever  N ^  the  pinion  No.  5  is  p«t  into 
4he  hold  of  the  whed  C  C ;  and  by  palling  the  tope  O,  H  is  taken  off  the  hoUL 
No.  8|a  tHieel  fixed  upon  the  axle  No.  %  having  upon  its  periphery  angnhtf 
teeth,  into  which  the  catch  No.  10  tak^  and  being  aioved  bv  th^  lever  aitadied 
to  the  upper  part  of  die  frame  G,  it  pniAies  the  wheel  No.  8  round ;  and 
the  catdk.  No.  11,  lUhi  into  the  «aeth  of  the  wheel,  to  paev«d  it  *om  going 
backwaid,  wUle  die  ropeiolts  in  its  mde^.aad  ^ngs  tne  logf  ^  piectfa  of 
wood  in  at  thewdoor  Y,  to  be  laid  upon  the  movable  fiomes  T  T,  and  car- 
ried forward  to  the  saws  to  be  cut.  l!l)e  catches  IVos.  10  and  11  are  easily 
thrown  out  of  play  when  they  are  n6t  n^ai^ted.  the  gudgeons  in  the  diaila^ 
founds  «f  the  crtuolca,  spkiitos,  ftnd  pitM^MHmld  aU  tom  vanndin  ends  or 
basiies  of  bnm.  Z,  a  door  io  one  end  of  the  ttiMionsa  at  ubich  iha  laaad 
is  ooav«yed  out  when  cut  W  W,  wails  oC  die  mill-hoaae.  QvQt  the 
GoupleaxMr  fisMDing  .of  the  root  X  X  X,  <ic.  windows  to  admit  li|^t  to  fite 
liouse. 

Saw-miUs  for  cutting  blocks  />f  stone  are  generally,  though  not  dHvays, 

isAa  €MMUn 


«ev«d  hoiiidntally;  ik&  hoviMMal  aherasiB  amim  «liy  t» 
aafeated  to  oa»  or  aMfi  sMva^  by  Umaas  of  a  rcMitiky  molioa^  c^iwr.hpr 
4he  use  of  cranks,  &a  or  in  some  suss  way  as  the  following*  lift  toe  hpn- 
sontal  wheel  A  B  D  C, fig.  451,  drive  the  pinion  O  N,  thishUer  wrying  a 
vertical  pin  P,  at  the  distance  tf  abottt  one^thiid  of  ilt6  daifiM»'  mm  thte 
centre.  This  pinion  and  fiita  ^tfce  vtprtoeHted  s«pMnit«ly  ill  Nck  « <^ig.'MI. 
jLet  the  fiame^¥  STV^  eahywg  liMr  aawi,  nnriced  1,  %  8, 4,  kwawJ^eh, 
V,T,  W,  W,  each  running  in  a  groove  or  red,  whose  direction  is  pniaHsl  to 
the  proposed  direction  of  the  saws :  and  let  a  tnmsverse  gvodve  rAf  whoee 
length  IS  double  the  distance  of  tiie  pin  P  fty>m  Ae  centre  cl  ik»  phudn,  be 
iCut  in  the  saw-frame  to  receive  that  pin.  Then,  as  the  gt^t  IvhM  t«rav<tt, 
it  drives  the  pinion,  and  carries  round  th«  piii  t**;  and  this  pin  beia|IXitt- 
peUed  to  slide  in  the  straight  giobve  Plt,iwha^  Irr  titt  it)tMtian  oif  dbejlhite 
itm  which  it  is  fixed  its  distance  horn  the  gteat  wheel  is  coii^tatttly  tvyin^ 
it  oaiaea  the  whole  taiw  frame  to  approach  and  recede  frt^m  the  gnat  iAmI 
Wltem^tely,  while  the  grooves  in  which  the  whtets  hm  e6nltoe  ^  iUM, 
eo  as  to  move  in  the  direction  T  ^  V  v.  Other  blocks  may  be  t(Mm  tf  Aa 
jaun^timebt  themotioti  of  the  gveat  "wh^l,  if  other  )phii<M(i^  and  htotto 
flfaim&gofrki  the  diiectic0s  of  the  respective  radii,  %t^ZAfBC,l» 
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jeStoKtM  of  Aese  fiwr  frameB  uid  pinionsy  will  tend  to  wAen  iIowq  the  jolti^ 
and  equalue  tiie  whole  motion. 

Hie  s^me  contrfvance,  of  a  pin  fixed  at  a  suitable  distance  from  the  centre 
of  a  wheel,  and  sliding  in  a  groove,  maj  serre  to  ooavift  a  rftelpitMBliftg  ioM 
«folalt>txmolM;  talilWittiiotto{tt«fiBmUe  letbe  cownon  coaveAion 
by  meaaa  of  a  oranfc. 

When  saws  aie  used  to  cat  blocks  of  stone  into  pieces  having  cylindrical 
sttHkc^  a  staaU  addition  is  made  to  the  apparatus.  See  figs.  453  and 
45S.  llie  saw,  instead  of  being  allowed  to  fidl  in  a  vettkal  groove,  as  it 
«itStbebloek,isaltftclMtDalcferorba«uFO,  sttttteiftly  sftrong ;  this 
Itever  has  several  holes piefced  through  it»  and  so  hai  thevertical  piece £D, 
whidi  is  likewise  movaole  towards  either  side  of  the  frame  in  grooves  in  the 
top  and  bottom  pieces  A  L,  D  M.  Thus  the  length  K  G  of  the  radius  can 
be  varied  at  pleasure,  to  suit  the  dlrvature  NO;  and  as  the  saw  is  moved 
Itadewards  and  forwards  by  proper  macliinery,  in  the  directieu  C  B^  BG,  it 
works  knrer  and  lower  into  thfe  bkick,  whtk^  being  fsooiaed  by  the  bcuoi 
y  G,  it  cuts  the  GyUndrioal  portion  from  the  block  F,  as  relied. 

When  a  complete  cylindrical  toiUar  is  to  be  ,cut  out  of  one 
Uock  of  stone,  the  first  thing  will  be  to  aiscertain  in  the  blodc 
the  poGatHNi  of  the  axia  of  the  cylinder ;  then  lay  the  block  so 
thai  sodhaxiB  dhall  be  paraljel  to  the  faoiiaon^  aiKl  let  a  Gylin-«i 
drical  hole  of  from  one  to  three  inches  diameter  be  bdred  en- 
tirely through  it.  Let  an  iron«^bari  whose  diameter  is  rathar 
less  than  that  oi  the  tiibe^  be  put  through  it>  having  JnsI 
soon  to  slide  fteely  to  and  fro  as  oecaeioB  may  require.  Each 
«id  of  this  bar  shotdd  terminate  in  a  screw,  on  which  a  nut 
and  frame  may  be  fiuitened)  the  nui^frafcne  should  carry  three 
flai^ldeces  of  wood  ^  wm^  each  having  a  slit  rmming  along 
its  middh  aeaily Iron. otte  end  to  thtfother^  Imd.a  screw  and 
kndk  nmit  be  adapted  to  each  sUt:  by  theao  means  the 
ftaase  woikat  eadi  end  of  the  bars  nay  readily  be  so  a^justedl 
aa la  fbmisosofks  or  equQateral  triangles;  the  ii^on->bar  will 
«olmaet  two  eocres|KMidiBg  angles  of  &ese  triangles  I  the  saw 
to-be  ttied>  two  otilier  cdrrespondng  angles ;  and  aoothet  bsoc 
of  koitf  or  (rf  woody  the  two  remaining  angles }  to  give  suflkieni 
atangOi  to  tibe  whole  frame*  This  construction,  it  is  obriooa^ 
iriitelHd>le  Ae  woricman  to  j^e  the  saw  at  any  proposed 
dUsnee  from  tihe.hole  drilled  throu^^h  the  niddle  of  tin 
btack;  add  then^  by  giving  {he  aUniiating  motion  to  tin  saww 
immit^  Ihe  cylinder  mi^  at  length  be  cut  from  the  block  as 
leqnhed.  This  method  was  fost&tcribedm  the  Collection  of 
MacMnes  ^i^roired  by  the  Paris  Academy. 

If  it  were  proposed  to  etw  a  eonie  finistnnn  from  suoh 
M  hhnkf  dnn  let  two  fitimea  of  wood  or  iron  be  fbied  to 
those  parallel  ends  of  the  block  uddeh  mte  intended  to  coin*- 
4ide  with  tin  bnei  of  the  frlium^  cucular  grooves  being 
jMvjomiy  cwt  io  tisssefrafeMs  tv euiiespond  witt  the  drcan^ 
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fereiioes  of  tbe  two  ends  of  the  piopoMd  fhistnim  $  the  saw 
being  worked  in  these  grooves,  will  manifestly  cut  Hie  conic' 
aurfitce  from  tiie  blodt.  Tfais^  we  believe^  is  the  contrinmce 
of  Sir  Geoi^e  Wright. 

The  beft  method  of  driUing  the  bole  through  tiie  middle  of 
the  proposed  cylinder  seems  to  be  this :  on  a  carriage  run- 
ning upon  four  low  wheels  let  two  vertical  pieces  (each  having 
a  hole  just  lacge  enough  to  admit  the  borer  to  play  fredy)  he 
fixedytwoortbree  feet  asunder,  and  so  contrived  that  the  pieees 
and  holes  to  receive  the  borer  may,  by  screws,  &c.  be  raised 
or  lowered  at  nleasure, while  the  borer  is  prevented  from  sli£ng 
backwards  and  forwards  by  pieces  upon  its  bar,  which  are  larger 
than  the  holes  in  the  verbod  pieces,  and  which,  as  the  bcwer 
revolves,  press  i^nst  these  pieces:  let  a  part  of  the  boring  bar 
between  the  two  verdcai  pieces  be  square,  and  a  grooved  wheel 
with  a  square  bole  of  a  suitable  size  be  placed  upon  this  part 
of  the  bar ;  then  the  rotatory  motion  may  be  given  to  Ifaia  bar 
by  an  endlefis-band,  whidi  shall  pass  over  this  grooved  wheel 
and  a  wheel  of  much  lai^er  diameter  in  the  same  plane,  the 
latter  wheel  being  turned  by  a  winch-handle  in  the  usual  way. 
As  the  boring  proceeds,  the  carriage  with  the  lx»er  may  be 
brought  nearer  and  nearer  the  block,  by  levters  and  heights.- 

Circular  saws,  acting  not  by  a  reciprocating,  but  by  a 
rotatory  motion,  have  been  long  known  in  HoUaad,  where 
they  are  used  for  cutting  wood  used  for  veneering.  They  wisre- 
introduced  into  this  country,  we  believe,  by  Genaiid  Beuteaiiy 
and  are  now  used  in  the  doek-yard  at  PoitsmouA,  and  in  a  few 
other  places  j[  but  liieyare  not- as  yet  so  generally  adopted 
aa  might  bcwished,  considering  bow  well  wf  arecakrukteii 
to  abridge  hboor,  and  to  accon^lish,  with  eKpeditioa  and  ae*. 
euncy,  wliat  is  very  tedious  aDd:ttksome'  to  pesfoira  'in  the 
nmal  way.  Circular  saws  may  be  made  to  turn  ^dther  in  hori- 
zontal, vertical,  or  indined  planes ;  and  the  timber  to  be  cut 
may  be  laid  upon  the  plane  in  any  direction  f  so  that  it  may 
be  sawed  by  lines  making  any  angles  whatev«!f,  or  at  aaqf 
proposed  distance  frmn  eadi  other.  When  the  saw  is  fised-at 
a  certain  angle  and  at  a  certain  distance  from  the  edge  of  the 
frame,  all  the  pieces  will  be  cut-  of  the  same  size,  withoot 
maridng  upon  them  by  a  dialked  line,  merely  by  causing  them 
to  be  moved  along,  and  keying  one  side  in  contact  w»i  tlM 
aide  of  the  frame ;  for.  tlien  as  they  are  brought  one  by  one 
to  touch  the  saw  revolving  on  its  aide,  and  are  pressed  upon 
at,  they  are  soon  cut  through. 

Mr.  Smart,  of  the  Ordnance  Wharf^  Westnttnster  Bridge, 
J^  ^veral  circular  saws,  all  worised  bya  horse,  in  a  modems 
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aiaeed  wt& ;  one  of  these  intended  for  (mtting  and  baring 
tenoDB,  used  in  this  gentleman's  hollow  masts,  is  represented 
in  fig.  454. 

NOPQa  V  ft  hoUvvr  frMBe»  under  which  is  part  of  the  wheel*work 
•£  the  hone'ViilU  A  B  C  D  £  F  are  puUies^  over  which  pass  straps  or 
bands,  the  parts  of  which  out  of  sight  run  upon  the  rim  of  a  Urge  Yertical 
ivheel ;  hf  means  of  this  simple  apparatUM  the  saws  S  S  are  made  to  revolve 
Vpon  their  axles,  with  an  eqaal  vdocity,  the  same  band  passing  round  the 
pttUies  DC,  upon  those ailes ;  and  the  rotatejn^  motion  is  given  to  the  borer 
G  by  the  band  passing  over  the  pulley  A.  The  board  I  is  inclined  to  the 
horison  in  an  angle  of  about  30  degrees ;  the  plane  of  the  saw  S  is  parallel 
to  that  of  the  board  I,  and  about  a  quarter  of  an  inch  distant  from  it,  while 
the  plane  of  the  sawS^  is  vertical,  and  its  lowest  point  at  the  same  distanee 
ftom  the  beaid  I.  BaeH  piece  of  vrood  K,  oQt  of  which  the  tenon  is  to  be 
cut,  is  about  four  inches  long,  and  an  inch  and  aquarter  broad,  and  |  of  an 
inch  thick.  One  end  of  such  piece  is  laid  so  as  to  slide  along  the  ledge  at 
the  lower  part  of  the  board  I,  and  as  it  is  pushed  on,  by  means  of  the  handle 
H,  it  is  first  ctit  by  the  saw  S,  and  immediately  after  by  the  saw  S' ;  after 
this  the  other  end  is  put  lowest,  and  the  piece  is  again  cut  by  both  saws  s 
then  the  tenon  is  applied  to  the  borer  G,  and  as  soon  as  a  hole  is  pierced 
through  it,  it  is  dropped  into  the  box  beneath. 

By  the  above  process,  at  least  30  tenons  may  be  completed 
in  a  minute,  with  greater  accuracy  than  a  man  could  make  one 
in  a  quarter  of  aii  hour  with  the  common  hand  saw  and 
gimlet.  Similar  contrivances  may,  by  slight  alterations,  b& 
fitted  for  many  other  purposes^  particularly  all  such  as  may  re- 
quire the  speedy  sawine  of  a  great  number  of  pieces  into 
exactly  the  same  size  and  shape.  A  very  great  advantage  at- 
tending this  sort  of  machinery  ia,  that  when  once  the  position 
oC  the  saws  and  frame  is  adjuBtedy  a  common  labourer  may 
perform  the  business  just  as  well  as  the  best  workman. 


BARK-MHX. 

The  bark-mill  is  constructed  for  the  purpose  of  grinding 
and  preparing  bark  till  it  is  fit  for  the  tanner. 

Biurk-mills,  like  most  other  mills,  are  worked  either  by 
means  of  horses,  by  water,  or  by  wind^ 

One  of  the  best  mills  we  have  seen  described  for  these 
purposes  is  tfiat  invented  by  Mr.  Bagnall,  of  Wor8lev,'in 
Lancashire.  This  maclane  will  serve  not  only  to  chop  bark,  to 
grinds  to  riddle,  and  pound  it ;  but  to  beam  or  work  green  hides 
and  skins  out  of  the  mastering  or  drench,  and  make  them  ready 
fiif  the  ouse  or  bark-liquor ;  to  beam  sheep-skins,  and  other 
jiiam,  for  the  skipner's  use  j  and  to  scour  and  take  off  the 
bkftom  firom  tanned  leather,  when  in  the  currying  state* 
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Fig.  455  iaahoii^iiialiilinof  UMmiU;fiif.4A6  aloBgitadta^ 
of  it ;  fig.  457  a  transvette  section  of  it. 

A,  the  water-wheel,  by  which  the  whole  machinery  is  worked. 

B,  the  shafts. 
€»  the  pk-wheel,  iriiich  is  iied  on  the  wsteiuwhod  shaft  B»  wtd 

the  npright  shaft  E,  by  the  wheel  F,  and  works  the  cutten  wad  \ 
by  tapeu. 

D,  the  spar  and  bevel  wheels  at  the  top  of  upright  shafts 

£,  the  upright  shaft. 

F,  the  cMwn-wheely  which  works  in  the  pit-wheel  C. 

Gf  the  spuMint  to  turn  the  stones  I. 

Py  the  beam,  with  knives  or  cutters  fixed  at  the  end  to  chop  or  cut  the 
oark,  which  baurk  is  to  be  put  upon  the  cutters  or  grating  t^  oo  winch  the 
beam  is  to  ftdl. 

Q,  the  tryal  that  leoetves  the  bark  ftom  the  cutters  i,  and  conveys  h  uit« 
the  hop|Mr  U,  bv  whieh  it  descends  through  the  shoe  J  to  the  stones  ly 
where  it  is  ground. 

K,  the  spout^  which  receives  the  bark  from  the  stones,  and  conveys  at  iota 
the  tryal  L;  which  tiyal  is  wired,  to  shift  or  dress  the  baik  as  it  descends 
from  the  stones  I. 

M,  the  trough,  to  leeehv  the  baik  that  pastes  thrau^  the  tryal  h. 

R,  the  hammer,  to  crush  or  bruise  the  baric  that  £sUs  into  the  dirfh  S, 
which  said  dish  is  on  the  incline,  so  that  the  hammer  keeps  forcing  it  out  of 
the  lower  side  of  the  said  dish,  when  bruised. 

kf  a  trough,  to  receive  the  dust  and  moss  that  passes  through  tfie  txral  Q. 

T,  the  bevel-wheel  that  works  in  the  vriwd  D,  which  worius  the  beam* 
knife  by  a  crank  V,  at  the  end  of  the  shaft  m. 

Wy  the  penetratinf^^od^  which  leads  from  the  crank  V  to  the  start  jr. 

«,  the  start,  which  has  several  holes  in  it  to  lengthen  or  shorten  the  stroke 
of  the  beam-knife. 

3r,  the  shaft,  to  whidi  the  slide-rods  A  A  are  fixed  by  the  starts  n  n. 

A,  the  sUde  rod,  on  which  the  knife/  is  fixed,  whieh  knife  is  to  work  the 
hides,  &».  On  the  knife  are  two  springs  ae,  to  let  it  have  a  little  play  an 
it  makes  its  strokes  backwards  ana  foiwwrds,  so  that  it  may  not  scratdi  or 
damap;e  the  hides,  fcc. 

i^  is  a  catch  in  the  slide  rod  A,  which  catdies  on  the  arch-head  €;  and 
tiie  said  arch-head  conveys  the  knife  back  without  tondiing  the  hide,  and 
then  fells  back  to  receive  the  catch  again. 

I,  the  roller  to  take  up  the  slide-rod  k,  while  the  hides  are  shifting  on  the 
beun  6,  by  pulling  at  the  handle  m. 

5,  the  beaan  to  work  the  hides.  Ice  on.  Each  beam  has  four  wheels,  p  n, 
working  in  a  trough-road,  gff,  and  removed  by  the  levers  ee.  When  the 
knife  has  worked  the  hides,  &c.  sufficiently  in  one  part,  the  beam  is  than 
shifted  by  the  lever  e  as  fer  as  is  wanted. 

d,  a  press,  at  the  upper  end  of  the  beam,  to  hold  die  hide  fast  on  tho 
beam  while  working. 

e,  an  arch-head,  on  which  tlie  slide-rod  k  catches. 

jT,  the  knife  fixed  on  the  slide-rod  A,  to  work  the  hides,  Ice. 

i,  cutters  or  giatiog  to  receive  the  bark  ftyr  chopping. 

The  beanbP,  with  knives  or  cutters,  mky  either  be  worked  by  ti^teu,  as 
described,  or  by  the  bevel-wheel  T  with  a  cmnk,  as  V^  to  cut  the  same  » 
shears. 

The  knife/is  fixed  at  the  bottom  of  the  start,  which  is  fixed  on  dk^slii»- 
rod  A ;  the  bottom  of  the  start  is  split  open  to  admit  the  knife,  the  width  oC 
one  footi  the  kiMfe  dieuld  have  a  gudgec^  at  caid)  «ad^  to  fix  ia. the  vftm 


fait^the  ittal;  asd  tiM  two  spriotf  ««  pteveBl  the  knife  frem  ginag  loo 
much  way  when  working.  The  knife  should  be  one  foot  long,  and  four  or 
five  inches  broad. 

The  ai^-head  e  will  shift  nearer,  to  or  ferther  firom  the  beam  h,  and  will 
be  fixed  so  as  to  carry  the  knife  back  as  fer  as  is  wanted,  or  it  may  be  taken 
awinr  till  wanted. 

Tiie  roller  I  a  taken  ap  by  palling  at  the  handle  »,  which  takes  up  the 
slide-rod  so  high  as  to  give  head  room  under  the  beam-knife ;  the  handle 
may  be  hung  upoqa  hook  for  that  purpose.  The  slide-rod  will  keep  run- 
ning upon  the  toller  all  the  time  the  hide  is  shifting;  and  when  the  hide  is 
fi<ed,  the  knife  is  put  on  the  beam  again  by  letting  it  down  by  the  handle  m. 
TT^ere  may  be  two  or  more  knives  at  work  on  one  beam  at  the  same  time, 
by  having  different  slide-rods;  there  should  be  two  beams,  so  that  the 
workman  could  be  shifting  one  hide,  Ike.  while  jthe  other  was  working.  The 
beam  must  be  flat,  and  a  little  on  the  incline ;  as  to  the  breadth,  it  does  not 
matter ;  the  broader  it  is,  the  less  shiftmg  of  the  hides  will  be  wanted,  as 
the  lever  e  will  shift  them  as  fkr  as  the  width  of  the  hide,  if  required. 
Mr.  Ba^all  has  fhrmed  a  ki|ui  oi  fness  d^  to  left  down,  by  a  lever,  to  hold 
the  hide  fest  on  each  side  of  the  knife,  if  requiied,  so  thai  it  will  suffer  the 
knife  to  make  its  back  stroke  without  pulling  the  hide  up  aa  it  comes  back. 
The  riide^od  may  be  weighted,  ta  cause  (he  kntfet  to  laty  stress  on  the  hide, 
kc,  according  to  the  kind  and  eondttion  of  the  goods  to  be  worked. 

Hides  and  skins  for  the  skinner^s  use  are  worked  in  the 
same  way  as  for  the  tanner's, 

Scoofing  of  taaved  leather  for  the  currier's  use  can  be  done 
on  the  beam,  the  same  as  working  green  hides ;  it  is  only 
takmg  the  knife  away^  and  fixing  a  stone  in  the  same  manner 
aB  tihe  knife  by  the  said  joint,  and  to  have  a  brush  fixed  to  go 
either  before  or  after  the  stone.  The  leather  will  be  much 
aaonef  and  better  secured  this  way  than  by  hand. 

The  whole  machinery  may  be  worked  by  water,  wirfd,^^ 
steam,  or  any  other  power ;  and  that  part  of  the  machinery 
which  relates  to  the  beaming  part  of  the  hides,  may  be  fixed 
to  any  horse  baik-miU,  or  may  be  worked  by  a  horse  or  other 
power  separately. 


On^MILLS. 

As  these  kmgdoms  do  not  produce  the  olive^  it  wo«iId  be 
needless  to  describe  the  mills  which  are  employed  m  the 
southern  parts  of  Europe ;  we  shall  therefore  content  our- 
selves with  a  description  of  a  Dutch  oil-mill,  employed 
for  grinding  and  pressing  linseed,  mpesfied^  and  otner 
rieapnou^  grains;  aixl,  to  accommodate  our  description 
stiff  more  to  our  local  circumstances,  shall  employ  water  a» 
the  first  mover;  thus  avoiding  the  enormous  expense  and 

tipUealion  of  a  wmdmiU* 


Description  of  fig.  45S. 
of  a  wheel,  ove»  or  under  shev,  as  the 


1  m  the  ekvatssa  of  a  wheel,  <ynt  or  under  shev,  as  thesitwtmi  may 
nquire. 
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%  the  bell-metal  socket,  supported  by  masonry,  for  receiving  the  outer' 
guu^eon  of  the  water-wheel. 
3^  the  watercourse. 

Fig.  459. 

1,  a  spur-wheel  upon  the  :£^me  axis,  having  52  teeth. 

2,  the  trandle  that  is  driven  by  No.  1,  and  has  78  staves. 

3,  the  wallower,  or  axis  for  raising  the  pestles.  It  is  furnished  round  it» 
circumference  vrith  wipers  for  lifUng  the  {>estles,  so  that  each  uiay  fall  twice 
during  one  turn  of  the  water-wheel :  that  is,  three  wipers *for  each  pestle. 

4,  a  frame  of  timber,  carrying  a  concave  half  cylinder  of  bell-metal,  ia 
which  the  wallower  (cased  in  that  part  with  iron  plates)  rests  and  turns  roOn^^ 

5,  masonry  supporting  the  inner  gudgeon  of  the  water-wheel  a^  the 
above-mentioned  frame. 

6,  gudgeon  of  the  wallower,  which  bears  against  the  beU-roetal  step  fixed 
in  the  wall.  This  doodle  support  of  the  wallower  is  found  fo  be  necessary 
ia  all  mills  which  drive  a  number  of  heavy  stampers. 

Fig.  460  is  the  elevation  of  the  pestle  and  prcss-franie,  their  furniture,  ther 
mortars,  and  the  press-pestles. 

1,  the  six  pestles. 

2,  cross*pieoes  between  the  two  rails  of  the  frame,  forming,  wiib  these 
rails,  guides  for  the  perpendicular  motion  of  the  pestles. 

3,  the  two  rails ;  the  oack  one  is  not  seen.  They  are  checked  and  bolted 
into  the  standards.  No.  12. 

4,  the  tails  of  the  lifts,  corresponding  vrith  the  wipers  upon  the  wallower. 

5,  another  rail  in  front,  for  carrying  the  detents  wnieh  hold  up  the  pestles 
wfa^  not  acting.    It  is  marked  14,  in  fig.  464. 

6,  a  beam  a  little  way  behind  the  pestles ;  to  this  are  fixed  the  pulleys  for 
the  ropes,  which  lift  and  stop  the  pestles.  It  is  represented  by  16,  in  fig.  4G4. 

7,  tne  said  pulleys  with  tneir  ropes. 

8,  the  driver  which  strikes  the  wedge  that  presses  the  oil. 

9,  the  discharger,  a  stamper  which  strikes  upon  the  inverted  wedge,  and 
Ioomus  the  press. 

10,  the  lower  rail  with  its  cross-pieces,  forming  the  lower  guides  of  the 
pestles. 

11,  a  small  coe-wheel  upon  the  wallower  for  turning  the  spatula,  which 
stirs  about  the  oitseed  in  the  chauffer-pan.  It  has  28  teeth,  and»is  maiked 
No.  6,  in  fig.  464. 

12,  the  four  standards,  mortised  below  into  the  blodc,  and  above  into  the 
ioists  and  beams  of  the  building. 

13,  the  six  mortars  hollowed  out  of  the  block  itself  and  in  shape  pretty 
naudi  like  a  kitchen-pot. 

14,  the  ht/i  of  the  pestlee  rounded  into  cylinders,  and  shod  with  a  great 
kmpofiron. 

15,  a  board  behind  the  pestles,  standing  on  its  edge,  but  inclining  a  little 
l^kwards.  There  is  such  another  in  fiont,  but  not  represented  here. 
Hiese  form  a  sort  of  trough,  which  prevents  the  seed  from  oeing  scattered 
aboot  by  the  faU  of  the  pestles,  and  lost. 

16»  the  first  presft-box,  (also  hollowed  out  of  the  Uock,)  in  which  the  gram 
is  squeezed,  after  it  has  come  for  the  first  time  from  below  the  miU-stones. 

17,  the  second  press-box,  at  the  other  end  of  the  block,  for  squeezing  the 
grain  after  it  has  passed  a  second  time  under  the  pestles. 

18,  frame  of  timber  for  supporting  the  other  end  of  the  wallower  In  tiie 
same  manner  as  No.  4,  fig.  459. 

19y  snail  ooff'Wfaeel  on  the  end  of  the  wallower^  for  giving  motion  to  ^ 
miU»stones;  it  has  28  teeth. 
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^O/gn^geonof  the  wallawer,  bearing  oo  a  beU-metal  loekeC  iieU  iiithewi^. 
91,  f  enwfor  receiving  the  <nl  from  the  praM-botes. 

.   Fig.  461,  Elevation  and  mechanism  of  the  mill-atones. 
1,  upright  shaft,  carrying  the  great  cog-wheel  above,  and  the  runner  miB* 
•tones  Delow  in  their  frame. 

2y  cog-wheel  of  76  cogs,  driven  by  No.  19  of  fig.  460. 

3,  the  frame  of  the  runners. 

4,  the  innermost  runner,  or  the  one  nearest  the  shaft. 
6,  outermost  ditto,  being  farther  from  the  shaft. 

6,  the  inner  rake,  whidi  collects  the  grain  under  the  outer  runner. 

7,  the  outer  rake,  which  collects  the  grain  under  the  inner  runner.  In 
this  manner  the  grain  is  always  turned  over  and  over,  and  crushed  in  every 
direction.  The  inner  mke  lays  the  grain  in  a  slope,  of  whidi  fig.  465  is  a 
section;  the  runner  fiattais  it,  and  the  second  rake  lifts  it  again,  as  is 
maiked  in  fig.  466 ;  so  that  every  side  of  the  sprain  is  presented  to  the  mill- 
stone, and  the  rest  of  the  legger  or  nether  mill-stone  is  so  swept  by  them, 
that  not  a  single  grain  is  left  on  any  part  of  it.  The  outer  rake  is  also  frir- 
nished  with  a  rag  of  cloth,  which  rubs  against  the  border  or  hoop  that  sur*. 
rounds  the^  nether  mill-stone,  so  as  to  drag  out  the  few  grains  which  might 
otherwise  remain  in  the  comer. 

8,  the  ends  of  the  iron  axle  which  passes  through  the  upright  shaft,  and 
through  the  two  runners.  Thus  they  have  two  motions :  first,  a  rotation  round 
their  own  aiEis ;  secondly,  that  by  which  they  axe  carried  round  upon  the  neiher 
miU-stone,  on  which  they  roll.  The  holes  in  these  mill-stones  are  made  a 
little  wide;  and  the  holes  in  the  ears  of  the  firame,  which  cany  the  ends  of 
the  iron  axes,  are  made^oval  up  and  dovrn.  This  great  freedom  of  motion 
is  necessary  for  the  runner  mill-stones,  because  frequently  more  or  less  of 
the  grain  is  below  them  at  a  time,  and  they  must  therefore  be  at  liberty  to 
get  over  it  without  straining,  and  |>eihaps  breaking,  the  shaft. 

9  and  10,  the  bolder  or  hoop  whidi  surrounds  the  nether  mill-stone. 
11  and  12,  the  nether  mill-stone  and  masonry  which  support  it. 

Fig.  462,  plaii  of  the  runner  mill  stones,  and  the  frame  which  carries 
them  round. 

1, 1,  are  the  two  mill-stones. 
•    3,  3, 3, 3,  the  outside  pieces  of  the  frame. 

4, 4, 4, 4,  the  cross-bars  of  the  frames,  which  embrace  the  upright  sliaft  5, 
and  give  motion  to  the  whole. 

6f6t  the  iron  axis  upon  which  the  runners  turn. 

7,  the  outer  rake. 

8,  the  inner  ditto. 

Fig.  463  represents  the  nether  mill-stone  seen  from  above. 

1,  the  wooden  gutter  which  surrounds  the  nether  mill-stone. 

2,  the  border  or  hoop,  about  six  inches  high  all  round,  to  prevent  any 
fleed  being  scattered. 

3,  an  opening  or  trap-door  in  the  gutter,  which  can  be  opened  or  shut  at 
pleasure ;  when  open,  it  allows  the  bruised  grain,  collectea  in  and  shoved 
along  the  gutter  by  rakes,  to  pass  thrtJugh  into  troughs  placed  below  to 
receive  it. 

4«  portion  of  the  circle  described  by  the  outer  runner. 

5,  portion  of  the  circle  described  by  the  inner  one.  By  these  we  see  that 
tbf  two  stones  have  different  routes  round  the  axis,  and  bruise  more  se^d. 

6,  the  outer  rake. 

7,  the  inner  ditto.  ^_ 
■^,  the  sweep,  making*  part  of  the  inner  rake,  occasionally  let  down  ftf 
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MTc  and  action  of  thcie  lalMi  i»  MUiwtai  Iqr  dimm  qI  wooina  iprnp, 
which  cannot  be  easily  and  ^stiBctly  represented  by  any  ^^fon.  Tkt 
oblique  position  of  th«  rakes  (the  oater  point  going  (brempsty  cvvaes 
fhem  to  Ahotre  the  grain  inwaidsy  or  towara  the  centre,  and  at  the  same 
time  to  turn  it  over  somewhat  in  the  manner  as  the  mould-bonid  of  a  ^oiii||li 
shof  es  the  earth  to  the  richt  hand,  and  ]^ly  turns  it  OTer.  Some  nMUs 
have  but  one  sweeper ;  and  indeed  there  is  great  variety  in  the  form  $mi 
construction  of  this  part  of  the  machinery. 

Fig.  464,  proaie  of  the  pestle4hune. 

I,  section  of  the  horiaontai  shaft. 

2f  three  wipers  for  U^ng  the  pestles. 

a,  little  whiesl  of  98  teeth  for  giving  motion  to  the  spatnla. 

4»  another  wheel  whieh  is  driven  by  it,  having  30  teeth. 

5,  horiiontal  axle  of  ditto. 

6,  another  wheel  on  the  same  axk,  having  13  teeth. 

7,  a  wheel  upon  the  upper  end  of  the  spindle,  having  12  teeth. 

8,  two  guides^  in  wUdi  the  spindle  turns  freely,  and  so  that  it  eaa  W 
ihilied  h^tm  and  lowor. 

9f  a  lever,  movable  round  the  piece  No,  14,  havings  a  hole  in  it  at  ^ 
thnnigh  whidi  the  spindle  peeaesk  turning  freely.  Hie  spindle  has  in  this 
place  asbeuMer,  which  lesu  on  te  bolder  of  the  hole  0,  so  tfant  by  the 
motion  of  this  lever  tfa»*#|Miidle  may  be  disengaged  from  the  wheel-work  U 
pleasiMw*;  this  motimi  is  given  lo  it  by  means  of  the  lever  t(V  10^  momibte 
looad  its  middle.  Tim  wosluun  employed  at  the  chanfepnlls  at  the  sof^ 
10, 11,  and  thus  dieengages  the  spindle  and  spaUda. 

II,  a  pestle  seen  sidewise. 
13,  the  left  of  ditto. 

13,  the  upper  mils,  mntfced  No  8rm(ftg.460. 

14,  the  nil  marked  No.  5,  in  fig.  460.  To  this  am  fixed  tkt  iteHapts, 
which  serve  to  stop  and  hold  im  the  pestles. 

15,  a  detent,  which  is  moved  by  a  rope  at  its  outer  end. 

16,  a  bracket  behind  the  pestle,  having  a  pulley  through  which  paisey 
the  rope  going  to  the  detent  15. 

17,  the  said  pulley. 

18,  the  rope  at  the  workman's  hand^  passing  throu^^  the  pdHey  IT^aad 
fixed  to  the  end  of  the  detent  15. 

This  detent  naturally  hangs  perpendicular  bv  its  own  weight.  When  die 
vrorkman  vrants  to  stop  a  pestle,  ne  pulls  at  the  rope  18,  durin|^  the  rise  of 
the  pestle.  When  this  is  at  its  greatest  height,  the  detent  is  honiontsA,  Itnd 
prevents  the  pestle  from  foiling,  bv  means  of  a  pin  projecting  from  Ike  side 
of  the  pesde,  which  rests  upon  the  detent,  the  detent  itself  being  hdd  in 
that  position  by  hitching  the  loop  of  the  rope  upon  a  pin  at  ^  woiknan^s 
hand. 

19,  the  two  lower  rails,  marked  No.  10,  fig.  460^ 

SO,  great  wooden,  and  sometimev  stone^  luock,  in  whieh  the  moilaie«re 
formed^  marWcd  No.  31 ,  fig.  460. 

31,  vessel  placed  below  the  presWboxes  fox  receiving  die  oil. 

33,  chauffer,  or  tittle  furnace,  fdr  wanning  the  bruised  grain. 

33^  backet  in  the  front  of  the  cfaadfor^  tapering  downwards,  and  opening 
hAwf  in  a  narrow  slit:  The  hair-bags  on  which  the  gmin  is  to  be  piMuJ 
ate  it  has  been  warmed  in  the  chaxufer,  are  filled  by  phcmg  them  fai  (Ids 
kacket.  Hie  grain  is  lifted  out  of  the  chanfier  wiUi  ahdle,  and  put  kMo 
jh^se  bags;  and  a  good  quantity  of  oil  runs  from  it  throi^'die  utt  aH  the 
Bottom  into  a  resscT  set  to  receive  St. 


to  the  bottom  or  siae^  a^d  getUt)||^  too  muoi  iieat. 

Tk»  fimt  ptrt  0f  ilpe  pniMt*  i«  t»ii9iog  ihc  Ao^d  widsr  ttke 
mmmoMitiomfi^  d^t  Hds  may  be  now  ^xapf^d^kuuly  dione, 
nw  fif  t^  nomf^m  k  AddboirtilwjiMiiBdppf  tts  i»im  dufikows 
MNmr  ihe  tMi:  lim  ilue  iolher;  fSiui  tbity  iuuve  dMfaaral; 
IfCsAw  ftod  lite  giw^  wbkfa  is  •  SMte  Jmeafrd  tamuads  the 
/IWliy^  i»t^J^i^ed1i}rbQtb.  'She  imar  <|ike  gUiiari  k 
JV  w^'  tf^^  outer  islooe  JHito  »  Aig^,  A^f  iriiidi  tb/s  ftadioti  is 
f$fmmotfd  m  %,  4S&$  4iie«tom  >pMiM»<ov«r  it»  and  flaitoit  it. 
||  i9  galtborod up  ugain  isio a  lidge,  (tf  ith^fewi  ei^ftg.AIBS, 
wdiar  ibs  kwer  stone  by  iht  /outar  rake,  indiich  iKniqists  of 
tWQ  ports;  the  lOHter  pout  jiresufis  dofte  on  dw  vooden 
boidor  vdddi  jMirrasnds  ^  imkv  sfeovM^  eod  aboirfieilie  seef 
obliquely  inwards,  while  the  inner  part  of  this  rake  MUaaui^ 
vp  iwbiit  \m  ^pnMkA/UMwacds  die  flwtre.  Hie.otlier  mke  bas 
»JoiotBe»r  idle  middle  cf  its  kq^d^  by^wUQh.tfae.outar  half 
pf  it  4m  be  meed  kma  ftbe  nether  jtene,  wbik  the  inner 
hetf  MPdeues  pv^nj^^  <^  4^9  and$hp»  efleanes  off  die  laaiai 
paste.  When  the  seed  is  si^ciently  bruised,  the  nailer  iets 
dow^  the  AVterendjof  tbe  r^ice ;  Ibis  immodiateiy  gadiers  the 
vl¥ik  pes te^  end  riio^es  It  d^liquelgr  outwards  lo  die  iKood^ 
lie^  srfaese  it  is  at4ast  Jareuffaft  Aovafiail  that  is  ^eft<u,nfaQaodedt 
and  It  fidls  through  into  troughs  placed  to  reeeive  k.  -^luise 
tppv^ks  beire  Judes  ia  ithe  imttem,  through  wUuDh  the  oil  ddps 
aUthedmeiifdiejopv&itfi&fMB.  lUs  pantof  die  oil  is  dii^cted 
bita  a  psidindar  dstera,  being  ixinsideied  as  tbe  puittst  of  difi 
wfapli^^'  bsinng  bieen  obteiaed  twitbent  poessnae)  by  die  mere 
beefkaag  of  the  toll  xtf  die  seed. 

Xa  soitte  mill^  ^^im  .oueration  is  expedited,  and  a  mnofa 

Kiterifaantity  of  this  best  oil  >is  .ujlblaine^,  by  bavuig  ithe 
at  Koaeoary  arUtcb  aupponts  die  k^ggnr  fomaed  into  a  jlitde 
teoaoe,iaadgeadylieited;  lmt.4ie^dtooeecaDeis  Beeeaaary 
t^  ftamtA  the  biaat  fnim  JMOoiming  oonaidetable.  9Bds, 
anmbig  tbeoi  1^d£fi«<^£  aoooe  of  dielenneiitd>le  siAstaiira 
of  4lieae^  exposeadiea^tOfdieHskof  gsandpgsaonMny 
wm&ni^  'aad  in  geaeeal  it  isduiugbt  a  iaaaidBbuB  faaedoe, 
jvid  die  ad  does  not  during  so  hij^  a  price. 

4Uian  die  paate  joomes  £rom  under  die  elone^  k  is  pnt  sain 
tte AauBrJbags>  and  anbfecM  >to  die  &st  pressing.  ^Fhexiil 
thBa^Htedaed  ie  alsaestofwed  af  the  irat  ^piattby,  ao^rfrely 
laliBrior  to  the  fsener,^  ^  kcft  mrt  ^  great  oilHeislan 
llrtnff  dhirtril  ifd^jsawnal  poetiaas  by  jpavdlSoDS.^ 

The  (dl-cakes  of  dns  .pressing  ase  taken  out  dd  tbe  bacs^^ 
^i^fdaass^aa^^iffeDiinoilaniiardMSiBrit  fltaiB|Mg. 
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Here  the  paste  is  again  broken  down,  and  the  parencfayxna  of 
the  seed  reduced  to  a  fine  meal ;  thus  free  egress  is  allowed 
to  the  oil  ft-oin  every  vesicle  in  which  it  is  contained.  But  it 
is  now  rendered  much  more  clammy  by  the  forcible  mixture 
of  the  mucilage^  and  even  of  the  finer  parta  of  the  oMsal. 
When  sufficiently  pounded^  the  workman  stops  the  pestle  of 
a  mortar,  when  at  the  top  of  its  lift,  and  carries  the  contents 
of  the  moitar  to  the  firvt  chauffer-pan,  where  it  is  heated  to 
about  the  temperature  of  melting  bees' -wax,  (this,  we  are  told, 
is  the  test,)  and  all  the  while  stirred  about  by  the  spatula. 
Fnmi  thence  it  is  again  put  into  hair-bags,  in  the  manner 
already  described )  and  the  oil  which  drops  from  it  during 
this  operation  is  considered  as  the  best  of  the  second  quality, 
and  in  some  mills  is  kept  apart.  The  paste  is  now  sub- 
jected to  the  second  pressing,  and  the  oil  is  that  of  the  second 
quality. 

All  this  operation  of  pounding  and  heating  is  performed  by 
one  workman,  vAio  has  constant  employment  by  taking  the 
four  mortars  in  succession.  The  putting  into  the  bags,  and 
conducting  the  presui^,  gives  equal  employment  to  another 
workman « 

In  the  mills  of  Picardy,  Alsace,  and  most  of  Flanders,  the 
operation  ends  here ;  and  the  produce  from  the  chauAer  ia 
increased,  by  putting  a  spoonful  or  two  of  water  into  the  pan 
among  the  paste. 

But  the  Dutch  take  more  pains.  They  add  no  water  to 
the  paste  of  tiiis  their  first  stamping;  they  say  tbat  tbia 
rreatly  lowers  the  quality  of  the  oil.  The  cakes  which  result 
nrom  this  pressing,  and  are  then  sold  as  food  for  cattle,  are 
still  fat  and  soft.  The  Dutch  break  them  down,  and  subject 
them  to  the  pestles  for  the  second  stamping ;  these  reduce 
them  to  an  impalpable  paste  stiff  like  day.  It  is  lifted  out, 
and  put  into  the  second  chau£kr-pan ;  a  few  spoonfuls  of 
water  are  added,  And  the  whole  kept  for  some  time  as  hot  aa 
boiling  water,  and  carefully  stirred  all  the  time.  From  thence 
it  is  lifted  into  the  hair-bags  of  the  last  press,  subjected  to  the 
press,  and  a  quantity  of  the  lowest  quality  is  obtained,  suffictenfc 
for  giving  a  satisfeulory  profit  to  the  miUer.  The  dkt  is  wmr 
perfectly  Avjf  and  hard,  like  a  piece  of  board,  and  sold  to  the 
nrmers.  Nay,  there  are  small  mills  in  Holland  which  have 
lio  other  employment  than  extracting  oil  from  the  cidces  whieh 
they  purchase  from  the  French  and  Brabantees :  a  dear  incKk 
cation  of  the  superiority  of  the  Dutch  practice. 

The  hicety  with  which  that  industrious  people  conduct  bII 
their  business  is  remaricable  in  this  manufacture. 
JbcL  tiwhr  oil-dstems  the  paienchymoua  (MUt,  wU«j^  t 
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ftbly  gets  through,  in  some  degree,  in  every  operation,  jrnidn- 
ally  subsides,  and  the  liquor,  in  any  division  jf  the  cistern, 
comes  to  consist  of  strata  of  difTerent  degrees  of  purity.  Tlie 
pumps  which  lift  it  out  of  each  division  are  in  pairs ;  one 
takes  it  up  from  the  very  bottom,  and  the  other  only  from 
one  half  the  depth*  The  last  only  is  barrelled  up  for  th« 
aoarket,  and  the  other  .goes  into  a  deep  and  narrow  cistern^ 
where  the  dreg  again  subsides,  and  more  pure  oil  of  that 
quality  is  obtained,  fiy  such  careful  and  judicious  practice 
the  Dutch  not  only  supply  themselves  ^dth  this  important ' 
article,  but  annually  send  considerable  quantities  into  the 
▼ery  provinces  of  France  and  Flanders,  where  they  buy 
the  seed  from  which  it  is  extracted.  When  we  reflect  on  the 
high  price  of  labour  in  Holland,  on  the  want  of  timber  for 
machinery,  on  the  expense  of  building  in  that  country,  and 
on  the  enormous  expense  of  wind-mill  machinery,  both  in 
the  first  erection  and  the  subsequent  wear  and  tear,  it  must 
be  evident  that  oil-mills  erected  in  England  on  waterfalls, 
and  after  the  Dutch  maimer,  caimot  fail  of  being  a  great 
national  advantage.  The  chatellenie  or  seigneurie  of  Lille 
abue  makes  annually  between  30,000  and  40,000  barrels,  each 
containing  about  26  gallons. 

What  is  here  delivered  is  only  a  sketch.  Every  person 
acquainted  with  machinery  well  understands  the  general  move- 
ments and  operations;  but  the  intelligent  mechanic  well 
knows  that  operations  of  this  kind  have  many  minute  circum* 
stances  which  cannot  be  described,  and  which,  nevertheless^ 
may  have  a  great  influence  upon  the  whole.  The-  rakes  in 
the  bruising^mill  have  an  office  to  perform  which  resembles 
that  of  the  hand,  directed  by  a  careful  eye  and  unceasing 
attiention.  Words  cannot  convey  a  clear  notion  of  this ;  and 
a  mill  constructed  from  the  best  drawings,  by  the  most  skilful 
workiqan,  may  gather  the  seed  so  ill,  that  the  half  of  it  shall 
not  be  bruised  after  many  rounds  of  the  machinery.  This 
poduces  a  scanty  return  of  die  best  oil,  and  the  mill  gets  a 
bad  chnracter ;  the  proprietor  loses  bis  money,  is  discouraged, 
and  givA  up  the  work.  There  is  no  security  but  by  pro- 
eurias  a  Dutch  millwright,  and  paving  him  with  the  liberality 
of  BnUms.  Such  unhoped-for  tasks  have  been  performed  of 
late  years  by  machinery,  and  mechanical  knowledge  and 
iBventioQ  is  now  so  generally  diffused,  that  it  is  highly  pro* 
fasble  we  should  soon  excd  our  teachers  in  the  branch; 
but  this  very  difiiision  of  knowledge,  bv  encouraging  specu- 
lation among  the  artists,  makes  it  a  still  greater  risk  to  erect 
a  Dutch  oil-miU,  without  having  a  Dutchnum,  acquainte4 
with  its  most  improved  present  form,  to  conduct  the  w«rk. 
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f  fl*  iidiidbg  iit  eMhn,  vegetAbi^  tfuMteiittei^  and  Aetttit 
Ml)rS8  td  aii  imj^Altlabte  pbwdef,  is  stiU  kr  a  ghteii  Sl^gm 
aiffitOi  by  fiiaaiHd  hboilry  bt  tno^iig  il  htffti^  ttdbe  w&  A 
tMooth  florfSifce,  oAleA  a  tnuUer,  «^ii  a  Blab  df  tbe  satti 
rfSaterUa.  T6  eflfect  thh  wotk  upon  k  laftter  ftealcij  aHd  t» 
h^cnft  th^  #oftmaii  fiv>iii  the  ill  ^k^  af  the  poiiodoiifc  mi 
Mldom  vapours  <if  the  paint,  \fhieh  ia  odt  uhfteqtii^lMf 
i«cmnd  with  litfaargt^  of  lead,  Mr.  Rawlb^on^  of  Dafil3%  Im 
SyveMed  a  machine  whieh  we  here  describe.  It  ii  M^ 
Mhtf^d  iii  fig.  4187. 

'  A,  th^rbter,  or  cylinder,  thade  of  any  kind  of  blfttkniirto.  liikt^Mft^^ll 
ft  tattMed  the  he^,  heCBXM  it  ti  harde^,  and  takey  ike  B^  ^kh.  B,  O^ 
Meaye  mittcfr,  edy^rhig  ^e-^id  bf  «he  roU^,  afld  of  tlite  MAe  aaitefttU^ 


aMinAivoodenlndoafe^*i^idki«himi|U>Uiefiam^£atft.  Qisapi^ 
^  iron,  about  an  inch  broad»  to  keep  the  muUer  steady,  and  is  fixed  to  t^ 
buak  with  a  joint  at  /.  the  small  binding  screw  with  a  fiy-niiL  yffiitk 
Ui^  HAoiffi  th6  cehtre  6f  the  iroti  platfe  at  t,  is  for  the  fMilpoke  Bf  ^M 
Mki  pf^'ute  upon  ih«  ihuB^r,  if  reqoirM,  as  welt  as  1o  keep  it  nAtf, 
D  is  a  taker*oi;  made  of  a  clock-springy  aboai  half  as  indi  broM^  arid  fixfd 
liOlibkr  to  a  firattie-satir  in  an  iron  name  K|  in  an  inclined  position  ta  the 
rdler,  knd  t|iming  dn  pivots  vldd.  G  is  a  stide-board  to  draw  out  occa^ 
sionalTy,  to  clean,  &p.  if  any  particle  bf  paiiit  Ibould  fidl  from  ttiTtf  mitSi ;  A 
mdiotips  itself  hr  th^  pUte  11,  to  catch  the  colour  a^  it  ftlb  fi^ttt  m 
tOif-^at.  tvsh  dr&wer  for  fh^  purpoee  of  eoatvbiiitf  eairiteHP  islHVbfl^ 
ilhich  tre  used  for  cleaning  painf^mtUs.    £  is  the  frame* 

PNsvkK»l)r  to  puithig  Uia  colour  in  the  ndll,  it  ttdal  be 
{ailverized  in  a  mottar,  (coretreid  in  the  RMuiile^  cf  the  ^imn&^ 
When  they  lettoate  poigcfnous  4Higs,  or  rath^  in  an  IniMMd 
Ittiil,  uaed  at  ManchMtef,  by  Mr.  Charlas  T^jpfo^^  for  grittdMf 
Indigo  in  a  dry  Mat^,  a  dra#ibg  knd  deseili]M6n  (tf  wfaidi  te 
antiexed.  After  undergoing  this  piMMil  of  dif*grindiBg^ 
tl%ich  is  equally  n^essary  far  tiie  niaible  Mab  tmw  ih  «ie^  it 
fe  mixed  with  either  oil  or  wai^r.  and  Is  with  a  spataU^  or 
f^ette-knife,  put  on  the  #olier^  ne^  to  the  t6p  of  the  eobdM 
tiittller.  Motion  being  given  to  the  rotter^  it^  witiMot  bay 
diJBoidty,  eAiries  the  eokoitr  under  the  mUktVy  ind  in  a  fcw 
Vftvbtnttons  spreads  it  equally  aimr  th^  surfode.  When  ghmnd 
biifidl«My,  It  9|  taken  off,  boOi  cleanly  aikd  expeditioi^j  b^ 
Ost  taicAr-off  deti^bed>  irhich,  for  diat  pur]posei  is  held  a)pdmri; 
tMe  ti^Uhti  while  the  roller  is  mmed  the  r^erse  way.  Tki 
m^et  only  v^e^[uii«8  td  be  <sMinedikrfi6n  the  woiknian  ehiaigei 
\h€  eolbur,  Cfc  c&oh  frMi  the  o^iaUoii )  it  is  then  tunaal 
tMucki  tKSiaff  huni  on  ^tnhms  fo  tins  fmMB  at  #  i^  and  ia 
clsisiad  WiA  a ^Miltfdfe o*  qMMM;  aftarwatds a  iiaadM 
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IrfWKlenf'  ilumag*  is  bdd  agiSsgi  the  fofci;,  tfliick,  in  tivo 

llie  lolkr  of  Mr.  fiawlinson'ti  machine  is  mxteen  incbe» 
Mid  a  half  incUameter^  aod  four  iochea  and  a  half  in  breadth ; 
and  the  concave  muller  which  it  works  agakiit  covers  on«»- 
thifd  of  tiie  voUer.  R  is  therefore  evtdeot^  that,  with  this 
machine,  lie  has  seventy-two  square  inches  of  the  concave 
oaarble  aaulier  in  constant  work  on  the  naint^  and  that  he  can 
Wing  the  paint  nmeh  oftener  under  tne  muHer  in  a  civen 
i|iace  of  tune  than  with  the  common  pebble  mulleri  ^diich, 
being  seldom  more  than  four  inches  in  aiameter,  has  scarcely 
sixteen  aquare  incnes  at  work  on  the  paint,  whereas  the  con^ 
cave  muUer  has  seventy-two. 

l^tie  quantity  ground  at  once  in  the  mill  must  be  regulated 
by  the  degree  of  fineoess^of  which  it  is  required,  that  which 
18  the  finest  requiring  the  amallest  quantity  to  be  ground  at 
«iiioe*  The  time  vequiaite  for  grinding  is  also  dependant  upon 
the  state  of  fineness  5  but  Mr*  Rawlinson  observes,  that  hia 
colour-grmder  has  ground  the  quantity  of  colour  i;i4iich  used 
to  serve  him  per  day  in  thsee  hours;  the  colour  also  was 
more  to  his  satisfaction,  and  attended  with  less  waste. 

When  4he  celottr  is  ground,  Mr.  RawUnson  recommends, 
instead  of  drawing  the  neck  of  the  bladder  up  close  in  the  act 
<rf  tying  it,  to  insert  a  slender  cylindrical  stick,  and  bend  the 
bladder  close  round  it ;  this,  when  dry,  will  form  a  tube  or 
pipe,  through  which,  whm  tbe  slick  is  withdrawn,  the  colour 
may  be  squeezed  as  wanted,  and  the  neck  again  closed  by 
tUtpMimg  the  4^6tk.  This  is  ttot  only  a  neater  and  mucn 
ittoredMidy  mode  than  the  mtt  nsnally  adopted,  tikat  of  per- 
forating the  bladder,  and  stopuing  the  hole  with  a  nail,  or, 
what  Is  ttete  oommoo,  leaving  it  open,  to  tlie4etriment  of  the 
4N>kNir;  but  the  bkMlder,  li€^  being  iujured,  may  be  repeatedi|r 
need  tot  fireeh  quantities  of  eolomr.  Tkebarrd  et  a  quill  may 
be  iqaeMed  in  flie  neck  of  the  bladder,  as  «  aiAatitnte  tor  tite 
mUk,  'mAabeetnA being  eut  off,  may  be  elosed  by  ^  small 
ntece  ev  wooii* 

In-order  to  make  the  whole  of  ibe  prooefls  of  cokur-grinding 
complete,  we  shall  here  insert  a  description  of  the  indigo-^mMl 
ioaed  %y  Mr.  Chattes  Tayfer,  of  Man<Aieitfter,  for  grkidmg 
tii^KO  in  a  dry  state,  wMeh  ma^  <MtA  equal  edf«mt^  be 
min9ttny  employed  wt  'CimMffs.  1ft  v  ncMeseuted  m  »gs.  4QU 

L,  fig.  466,  rapresents  a  mortal^  made  of  marble  or  hard  stooe ;  Mie  made 
ib  ^h«  cdrnmon  wuy  will  aitftm*.    M.  iaittvdt«r,  tit  grtnder,  DtafW  ia  tbe 


V6  TBJt  anSEATlVB  MECHANIC 

wfaicit  vut«lte  iwrtiNN  tonM  in  groovw  or  sliti,  jeot  ia  two  |iitc«i  «f 
oak,  projectiDg  horiioiitaUy  from  a  wall,  and  when  the  axie  is  at  work  ait 
scoured  in  the  grooves  by  iron  pins  0  0.  P,  the  handle,  which  forms 
a  part  of  the  axis,  and  bjr  which  the  grinder  is  work^lfid.  Q,  the  wall  m 
whidi  tlMs  oak  pieces  N  N  are  fixed.  R,  a  weight,  which  may  oecasionaiiy 
ba  added  if  more  power  is  wanted. 

Fig.  468*,  shows  the  muUer  or  ffrinder,.with  its  axis  separate  frmn  the 
other  machinery ;  its  bottom  should  be  made  to  &t  the  mortar.  S  is  t 
groove  cut  through  the  stone.  , 

On  grinding  the  indigo,  or  similar  substance,  in  a  drjr  fltate, 
in  this  mill,  the  muller  being  placed  in  the  mortar  and 
secured  in  the  oak  pieces  by  the  pins,  the  indigo  to  be  g^round 
is  thrown  above  the  muller  into  the  mortar ;  on  turning  the 
handle  of  the  axis^  the  indigo,  in  lumps,  falls  into  the  groove 
cut  through  the  muller,  and  is  thence  drawn  under  the  action 
of  the  muller,  and  propelled  to  its  outer  edge  within  the 
mortar,  whence  the  coarser  particle^  again  fall  into  the  groove 
of  the  muller  and  are  again  ground  under  it;  which  operation 
is  continued  till  the  whole  of  It  is  ground  to  an  impalpable 
powder ;  the  muller  is  then  easily  removed^  and  the  colour 
taken  out. 

A  wood  cover  in  halves,  with  a  hole  for  the  axis^  is  usually 
placed  upon  the  mortar,  during  the  operation,  to  prevent 
any  loss  to  the  colour,  or  bad  effects  to  the  operator. 


POTTERY. 

Thb  ciays  best  adapted  for  the  manu&cture  of  eacthen- 
ware  are  excavated  in  JDorsetshire,  and  the  next  in  quality  in 
.Devonshire. 

The  natural  compounds,  called  clays^  consist  generally  of 
pure  clay,  or  alumine,  combined  with  either  ailex  or  liiM» 
and  sometimes  magnesia,  and  the  oxyd  of  iron.  Tbe.pve- 
aence  of  the  magniesia  may  easily  be  detected  by -its  imMurtang 
.a  soapy  feel;  and  the  iron  by  the  clay  burning  to  diSereut 
shades  of  red,  proportionate  to  the  quantity  it  coDtains*  Thit 
magnesia  has  obtained  the  name  of  soiqp^rock,  and  a  mariced 
.  variety  of  it  steatite. 

The  clay  is  first  put  into  a  trough  about  five  feet  kmg,  by 
three  wide^  and  2^  deep,  with  a  certain  proportion  of  water, 
and  subjected  to  the  process  called  blungi9ig,  which  ia  obvi* 
ously  akin  to  blending,  or  mixing.  This  is  performed  with  a 
long  piece  of  wood  formed  in  the  shape  of  a  blade  s^t  one  end^ 
and  with  a  cross-handle  at  the  other.  The  bladed  end  is  put 
into  the  trough,  and  moved  backwards  and  forwards,  up  and 
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dawn,  wilbTialeneef  till  the  day  be  kndteii  and  well  levigated. 
Tbe  coarser  pniticles  of  the  day  sink,  to  the  bottom  of  the 
trough,  while  the  finer  parts  remain,  suspended  in  the 
solution ',  md  day.  is  continued  to  be  added  until  the  solu- 
tion has  :aoquired  the  consistence  of  thick  cream.  This  thick 
liq)iiid  is  passed  into  a  large  tub,  and  afterwards  through 
fine  hair  and  silk  lawn  sieves,  and  then  mixed  with  certam 
proportions  of  a  liquid  of  ground  calcined  flints  and  Cornish 
stone,  whichj  likewise,  have  been  passed  through  silk  lawn 
sieves. 

The  china  clay,  which  is  used  in  every  kind  of  earthenware 
except  the  cream  colour,  is  sometimes  put  into  the  mass,  and 
blimged  with  it ;  at  other  times  it  is  put  into  another  tub» 
and  blunged  separately,  and  is  then  mixed  in  proper  propor- 
tions with  the  other  slip. 

The  slip  is  now  passed  into  another  large  stone  or  wood 
cistern,  and  the  parts,  which  have,  not  been  previously,  are 
nQW  added,  and  the  whole  is  passed  through  fine  lawn  into  a 
reservoir,  from' whence  it  is  pumped  upon  the  slip-kiln. 

When  a  steam-engine  is  used,  the  clay  is  thrown  into  a 
vertical  cast-iron  cone,  about  two  feet  wide  at  top,  and  six 
feet  deep.  Inside  of  this  cone  are  fixed  strong  knives,  having 
a  spiral  arrangement  and  inclination,  and  radiating  towarcb 
the  centre.  In  the  centre  of  these  is  worked  a  perpendicular 
shaft,  with  similar  radiating  knives,  so  that  the  knives,  by 
the  revolution  of  the  shaft,  cut  in  pieces  every  thing  that  is 
thrown  into  the  cone,  arid  force  downward,  agreeably  to  the 
nature  of  the  screw,'  whatever  may  be  put  in  till  it  is  dis- 
charged through  an  orifice  at  the  bottom. 

The  clay,  tims  reduced  to  powder,  is  next  subjected  to 
the  i^Dcess  of  blunging.  Fcnr  this  purpose  it  is  thrown  into 
a  lai^e  drcular  vat,  or  cistern,  having  a  strong  vertical  shaft 
of  wood,  with  arms  formed  like  a  gate  as  radii,  worked  by 
the  power  of  the  steam-engine.  The  vat  is  nearly  filled  with 
pCoper.  proportions  of  water  and  clay,  which,  by  the  rapid 
motion  of  the  shaft,  becomes  well  levigated  and  mixed ; 
clay  or  water  being  added  until  the  liquid  is  of  the  consist- 
ence of  cream.  The  liquid  is  tiien  passed  along  several 
trunks,  at  the  end  of  each  of  which  is  fixed  a  fine  hair  or 
lawn  sieve.  These  sieves  have  a  quick  horizontal  motion 
communicated  to  tiiem  by  crank  nutchinery,  which  causes  the 
slip  to  pass  through  into  a  large  reservoir*  where  it  remains 
tillpumped  upon  tbe  kiln. 

The  flint  in  its  crude  state  is  the  common  flint  used  for 
striking  fire,  which  cousibts  principally  of  pure  silex.    The 
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M^ihod  of  t^MAitg  A  iif  by  flirtbgr  k  ta  AMiail  ^ftfAc^l 
kilfi)  itioift  nte^  ftot  4i«^,  Mid  idtogllllivir  4M  WMkvl^e 
«lmt  U04d  i»  bum  IbtMitoiie*  WbM  ted-liot  fi  U  tebift^Mt 
«fthtldkiiad«hlowiiiiito  fM  Wfttef >  ill  «fd«r  to  ICMM  Hi 
iHjgMgMlonj  Md  tnikd  it  mOM  ID  »idhii«e  10  fi^irldr.  The 
flint  it  ntiet  bfokM  Ikid  piwc^^  fltber  by  hmmmI  kfadutvur 
siiMhinftty.  Whftd  nBtttiil  labiMf  in  «tn)ildy«d^M  mm  k 
found  tid«4uil6  t^  biMk  ^  dieA  Moui^li  tb  Mq^ly  two 
fliMl-pUB,  18  IMt  ^UitiMMr. 

In  the  other  process  the  flints  are  put  on  a  strong  Inm 
gmtelff  Mid  ate  stmok  by  bige  kattiiMrs^  mawA  by  &ia- 
eiiiMrf^  tai  they  b«  no  reduead  as  to  Adl«hiou|^  tii^  gvatfdj^ 
iim  a  oavicy,  «pmi  whe&ois  tfaty  ase  taken  u  libe  tint^tt^. 

Tht^NMM  dotMHsts  ol  a  latgie  drmxiar  vat^  idiout  80 
inches  deep,  with  a  step  fixed  in  At  c9iuti9  ai  th^  bcfttom 
for  «h0  a<ia  tf  a  vaHioal  wdod  or  iiim  shaft.  Hia  iqpper 
tad  of  «ha  abaft  la  aurmoimtaA  by  a  ltfg«  erowki  «og-wbael^ 
to  iHiieh  lli%  ma^diig  power  is  implied.  Tha  iMrar  «iid  baa» 
at  rigbt  «ngles,  faur  leattS)  or  paddles,  Itka  arma^  upon 
wMtdi  m%  flated  chatt-iioiiaa.  Lftrgt  bioelcs  of  <A^Ft^«tone 
are  aiao  dialed  ki  the  vat.  Tha  fiats  bsing  put  into  the  mi^ 
the  whc4a  is  cov«rad  with  wafter,  to  prevent  aay  dust  fi^Mn 
aiiafaig)  wiikdi  hid  fonneriy  a  very  bijarions  a£b<fU  Power 
baii^  eaMManicated  to  the  abaft)  At  efaati-stonea  a»a  tiuv 
fled  ramd  trtth  ooiasidevabla  velodlirf ,  and  the  oslcbaad  ffima, 
feaibg:  of  a  very  fragita  «aii0e,  ave,  by  tii«&t  recigpMciil  atidloiij 
mAMd  to  an  impal^satria  powder. 

thU  aemi-flaid  is  pat  iiM  meAet  vait,  that  has  ^  aiaftSlar 
vertical  shaft,  and  when  a  Uitge  qnandl^  of  water  has  bsm 
lUtrOdncedi  the  power  is  applied  and  the  whole  is  well 
lovlj^ed.  In  this  proeesa,  dife  weighty  particlea  afeok  to  the 
bottook  and  the  flua^  reasaia  M  auspension ;  wbiefa  era  Chen 
passed  into  a  tesertoir  that  haa  oei^n  -apettmres  for  drawing 
off  the  sarplns  water,  till  it  haa  aabsided  to  a  state  ^  for 
the  pol^r's  use»  'Hiis  is  a  vtiy  important  fft^fOtm,  and  ia 
^tended  with  some  diffioalty»  it  is  at  present  best  per- 
formed by  Mr.  Sanftpaon  Hanley>  of  Sandon  Mill. 

Tha  manufoetiurer  should  be  very  dioice  in  seleetlng  the 
stones  to  be  empfeyed  in  the  grind^mg ;  for  ahoald  tiiey  con* 
tain  oalcaredtts  eatbonates,  sndi  parts  will  be  abraded,  and 
by  mixing  wtth  the  slUdous  niaDter  wiH^  in  4  aubsequent 
pMMttSs^  prove  a  aerious  injury. 

A  few  years  ago  a  loss  to  the  amount  oS  several  thouiHtnd 
pounds  was  lextiiTieAOed  by  sMue  maifinfac^turers^  who  had 
very  injudidottuy  purebas^d  atones  that  had  been  ground  ^f 
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ft  iMfite  igMMttit  of  tte  8Hy  Md  Witt)  bad  employed  Mon^ 
for  the  gitMing  dtitteining  dirbbftate  of  Mm€. 

The  atetag^  wtight  tf  M  id«  fiAt  ibMMNi  6f  tih«  tmlp  6f 
flii€  it  89f  6s;  $  Add  tf  d&y  M  o)t. 

^  In  some  mannfiuinries  the  palps  are  mixed  iogeAtf  itk  a 
Urge  Tt^  by  a  proeeM  riftnib^  td  iliikt  ^rit  deieAN^d  df  thix- 
log  the  cU^  iTtth  the  WMer.    Biil  htm^f^r  the  inikihg  he 

lu^edttpliibM,  gMit  jMteMiM  mm  bn  bidd  t(>  flte  telatlte 
specific  grantjr  of  Midi  fluid,  toA  tttoi^  el  ih<<  fcolntioki  trfthe 
flfait,  or  the  ebjr,  ihtist  b«  kdded,  till  A  ^t  of  th«  lfii:i^tiiT« 
wei^s  the  dei^muned  Aaihb^f  bf  6ttMeii.  Jli  ib  by  die  cob^- 
tAMsic^  and  treight  bf  the^e  biaterialil,  that  the  manufecttil-er 
is  linlibled  to  aieettldn^  the  prdper  pt^p^iticttiii  k^uisite  for 
f^h  Idhd  of  potteiy;  and  it  is  from  theie  VtoA  he  cfth  dtdeu«- 
late,  whether  there  be  a  J^rob&bHitjr  df  xh^Hdng  hhy  improve- 
inefit  thd%  will  yield  him  a  ptbfitable  returb. 

Wh^  the  ptDpel"  proportions  of  slop  clay  aiid  IKnt  hare 
been  weU  blniiged  together,  the  liquid  is  pumped  otit  of  the 
^s^tvbir  bn  thfe  top  St  fhe  sliprhiln. 

Hi^  sKp^kiin  is  a  kind  of  trough  formed  of  fire^btitks,  of 
t^Hdtts  uizes,  Mm  90  to  60  feet  in  len»h,  by  frotn  4  toO 
in  hiteadth,  and  about  12  ih<%es  in  depth.  Flues  fitotn  the 
fise-places  pass  under  these  troughs,  and  the  brinks  of  Which 
fhey  ar6  formed  bi^iilg  bad  condUetdrt  of  heat,  a  HloW  hnd 
^VkhlhgMba  ^roc«ks  bf  evapdtitibh  ifl  tiMitA  ott,  WhJlth  gireft 
tkbifdftti  iebhM^ehce  to  \h^  tnabil. 

¥h^  {kftcelaih  chiy  is  hev^lr  alibWfed  to  bdl,  but  h  tirtkSif 
^Vflpdfdtetl  at  a  stow  heat  tfn  a  blaster^kiln ;  the  gyMiutki 
bHfig  T^)^  6h  old  Uiouldd  ][>ulV«nMd,  and  tbu*  fonnhig  a  IbM 
s^iifK^e. 

The  slip-maker  carefolly  attend*  to  thb  JftaodratiM,  ahd 
at  pVbber  IhUiMiU  Utii$  oyer  With  a  paddle  the  IhhSkMed 
mnsA  Ttdiii  Ohe  6nd  tO  the  othfef,  else  the  paft  i^eaf e«t  io  Vti 
bridRs  Would  b^cOhie  hard.  While  the  ^Hihct  weit  fluid.  Tb 
regulate  the  heat  iiife^  di£Ebi^tit  thltikh^ssel^  6f  )b)A6kk  tM 
^ihpIOy^a,  the  thlc^kest  bemg  placed  nearest  to  the  fite-pltu!:^)  * 
Whei^  IS  thg  gi^eatest  ekcess  Of  heat. 

When  a  Hiiffldeht  qtiahtity  of  tfa^  tnotstuve  b  etat)Orated, 
whicli  li  ihdicaied  by  th^  ^sation  Of  apparent  tedleirtesteit^e, 
or  the  ilbseikcb  of  aii^-bubbl^  Oh  the  feuYftte  of  the  maisrs,  tha 
composition,  still  called  etay,  is  removed  tO  the  flags. 

If  the  evaboraltioh  Wer6  ^Ontinu6d  lobg^lr  the  clay  could 
not  be  formed  into  the  teqidred  shaped,  etthiir  bh  the  Wheel, 
or  ^j  the  vati  but  l^ould  be.  What  is  called  knotty,  lumpy. 

The  clay  is  cut  out  bf  the  kilns  in  ^tBfe  n^as^es,  by  tnteanH 
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of  i^mdeft,  and  is  thiown  into  a  heapi  wfa«re  is  uttained  an 
uniform  temperature  of  cold  and  moisture.  The  longer  it 
can  lie  afiter  comii^  off  the  kiln  the  better  it  will  be;  but  the 
time  is  arbitrarily  varied  by  the  want  of  room^.of  time,  or 
of  capital. 

When  the  clay  is  first  taken  off  the  kiln,  it  is,  partly  from 
the  air^bubbles  remaining  in  it,  and  partly  from  the  non- 
<Ussipation  of  the  heat  requisite  for  evaporation,  too  soft  to 
be  worked.  On  this  account  it  is  well  incorporated  together, 
or  tempered,  by  beating  with  wooden  mallets.  It  is  then 
cut  into  small  pieces  wiUi  a  paddle,  not  much  unlike  a  spade, 
and  from  the  paddle  each  piece  is,  with  all  the  force  of  the 
workman,  propelled  upon  the  mass.  These  two  operations 
are  repeated  until  a  proper  consistence  pervades,  and  the 
whole  is  supposed  to  be  well-tempered. 

When  the  clay  is  required  for  the  thrower  the  process  of 
slapping  follows  next.  This  is  perfonned  by  a  strong  man, 
who  places  a  large  mass,  about  half  a  hundred-weight,  upon 
a  convenient  and  strong  bench.  He  then,  with  a  thin  brass 
wire,  cuts  the  mass  through,  and  taking  up  the  piece  thus 
cut  off,  he,  with  his  utmost  strength,  casts  it  down  again  on 
the  mass  below ;  and  ^continues  the  operation  as  long  as  ia 
considered  necessary. 

This  is  a  very  laborious  process,  and  is  absolutely  neces- 
sary to  drive  out  any  air-bubbles  which  may  happen  to  remain 
in  the  mass  after  it  has  been  beaten :  for  should  any  be  left 
in  the  clay  the  pieces  on  being  fired  would  blister  and  spoi], 
owing  to  the  rarefaction  of  the  air  by  the  heat.  On  this  very 
important  account,  the  process  is  continued  until  the  mass, 
wherever  cut  by  the  brass  wire,  exliibits  a  surEace,  perfectly 
smooth,  and  homogeneous. 

In  several  of  the  largest  manufactories  the  labour  of  slap- 
ping the  clay  is  superseded  by  mechanical  contrivance.  A 
quantity  of  the  mass  from  the  slip- kiln,  when  rather  cold,  is 
thrown  into  a  large  conical  iron  vessel,  (similar  to  that  em- 
ployed in  breaking  the  clay,)  with  strong  knives  fixed  in  H, 
with  a  given  inclination,  with  corresponding  knives  radiating 
from  a  vertical  shaft,  moved  by  the  steam-engine  with  a  slow 
and  regular  motion.  By  these  means,  all  tiie  clay  put  into 
the  cone  is  very  minutely  separated,  and  pressed  down,  as 
by  a  screw,  so  that  the  mass  just  cut,  and  divided,  is  instantly 
squeezed  together  again,  and  is  then  similarly  affected  by 
other  knives  below.  At  the  bottom  of  the  cone  on  one  side  is 
a  quadrangular  aperture,  through  which  the  clay  is  gradually 
forced,  and  is  by  a  thin  brass  wire  cut  into  brick-shaped 
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pieces  of  from  50  to  60  pounds  weight.  Sometimes  these 
masses  aie  for  particular  purooses  returned  into  the  cone^  and 
undergo  the  process  a  second  time. 

fFedging  the  clay  is  a  similar  process^  though  never  omitted 
by  the  pressery  or  squeeter,  however  well  it  may  have  been 
beaten  by  the  slit>-maker.  The  presser  cuts  off,  with  a  thin 
brass  wire^  a  piece  of  clay  from  the^  mass,  which  he  slaps 
forcibly  between  the  palms  of  his  hands,  and  then  with  great 
violence  throws  it  on  the  board;  continuing  the  operation 
until  the  commixture  is  so  complete  that  there  is  no  proba- 
bility of  any  air-bubbles  remainmg.  If  one  of  the  two  first 
pieces  of  cUy  had  been  white,  and  the  other  black,  the  mass, 
after  undergoing  these  processes,  would  present  wherever  cut 
a  uniform  grey  colour. 

It  is  owing  to  the  mass  being  properly  wedged  that  that 
consistency  and  tenacity  is  obtained,  which  enables  the 
workman  to  employ  it  with  facility  and  confidence  in  the 
fabrication  of  the  different  pieces  of  pottery  which  he  has  to 
make.  The  clays. for  vessels  require  different  degrees  of 
wedging;  and  some  kinds  require  much  more  careful  and 
continued  wedging  than  others. 

The  clay  may  now  be  considered  ready  for  the  thrower. 
Tlie  throwing'Wheely  or,  with  greater  propriety,  the  throwing^ 
engine,  consists  of  a  large  vertical  wheel;  havinj^  a  winch  or 
handle  affixed  to  it,  and  a  groove  on  the  rim  for  the  intro— 
duction  of  a  cord.  The  whole  is  fixed  upon  a  strong  inovable 
plank,  by  which  the  cord  can  be  slackened  or  tightened  at  - 
pleasure,  and  then  upon  a  frame  nearly  triangular,  or  half- 
oval,  and  about  30  inches  in  height,  with  a  broad  ash  hoop 
placed  edge\vise  on  the  fore  part,  about  six  inches  deep. 

In  the  centre  of  this  frame  is  a  vertical  spindle,  with  its 
lower  end  fitted  and  working  in  a  step.  A  little  above  this 
is  a  pulley,  with  grooves  for  three  speeds  of  the  propelling 
power,  connected  with  the  throwing- wheel  by  means  of  a 
cord  or  belt;  and  a  little  higher  up  is  a  pivot  turned  to  fit 
and  work  in  a  collar- step.  On  the  upper  end  is  a  stout 
wooden  circular  top,  which  revolves  horizontally,  and  is  in 
diMueter  about  seven  inches;  and  other  tops  of  difierent 
diameters  are  in  readiness  to  be  fixed  on,  accor<Ung  to  the 
intended  size  of  the  vessel  to  be  made. 

The  engine  is  set  in  motion  by  manual  labour,  applied  at 
tiie  wineh^  and  another  man,  called  the  bailer y  cuts  with  a 
thin  piece  of  brass  wire  a  piece  of  clay  from  the  mass  on  the 
bench,  and  forms  it  into  a  ball,  which  he  gives  to  the  thrower. 
If  china  is  to  be  -made,  the  bailer,  previously  to  forming  the- 
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clfiy  iQto  a  Ml^Jbre^  it  in  (ifQ.  and  niAfH^V  sl^pi  H  iMf- 
ther  betwew  WS  prfms  pf  Wb  te»^f  The  Rrpvejr  for^fjf 
throws  the  ball  clown  upgn  the  ^onizQQti^  r<^Tolvi|ig  (pp  gf 
th?  enffli|«,  »i)4  dwing  hU  lmi^  fre<jue»tly  Mtp  w«l^  to 

Sreveprth^  clay  MOWpg  tp  th^mi  f^luPPs  It  IqIP  ^^QHig 
M  col\mmf  whi(^  hf^  KWt  fiopces  j^pwn  into  a  liimf^^jyOl 
continues  Iq  r^p^at  th^  pp^i^tiqn  untiil  b^  is  aajyi^d  thfft 
the  airrb\d)Weji^  which  wipht  b^ye  remftip^d  m  Uwp  ipl^j'  ^ifter 
th^rpc^89e3  of  stepping  mi  billing,  W  disMlI^d, 

Tlje  rtirpw^r  qpv  i^rppt^  tb?  speed  of  the  i^^ne  to  be 
le99^ne^  wd  with  1m#  fiog^ns^  ifb^cb  b^  firequentlir  dips  in 
w^ter^  b^  girep  the  fii^t  fom^  to  the  ri^i^ael;  tben  witb 
different  i^r^fc^  or  ribfi^  be  fcrw*  tb^  j,99ide  of  the  veasd 
into  whatever  shape  may  be  required,  and  ^nloo4le9  jib  by 
x«m>Tiiig  the  alwry,  or  inequality. 

U  9  number  ^f  vessebi  of  ^e  same  si;^  b^  requ}red|  the 
tbfpwi^  has  a  f^g  placed  as  a  gange^  which  ^ppr/ea  tp  dkect 
bim  io  (be  width  and  depth;  ^od  whe«»  tbe  sressel  has  two 
diiiiQeter^t  as  tbiP  neck  and  body  in  a  jug,  ^  bi^  two  peg9  to 
guide  bim^ 

The  thrower  forms  all  circular  iFt^els  in  this  ^^laooer ;  and 
he  c^mpbm  different  si^ed  jtSmi  to  finiah  the  shapes,  or  swell 
of  tbe  fm^f  &c.  When  be  b^s  th^s  given  tb.e  first  form  to 
the  «Uyf  h^  cnt9  the  vessel  ficom  the  lm4  ^f  tbe  engine^  by 
passixi^  a  jbbin  bra^s  w^^  thrpugb  tbe  lowodt  part  of  me  clay, 
which  separates  it.  and  iriloii^  it  tp  b*  ^easily  li^;ed  off,  aiMl 
placed  by  the  bwex  on  a  kpg  bpaxd  pr  sjielf^  (vrb^ne  it  ia 
left  to  dry  a  Uttie  pi^ep^catoiy  to  beJQg  tf^^  or  prpp^y 
smoothed  and  ab2^>ed. 

Where  jUgrgt  vessels  are  made,  and  th^  ppwer  of  a  steai9>- 
en^ne  applied,  according  to  Mr.  J.  WedgW^QOd'^  mc^od,  a 
paur  of  vertical  cones  is  nsed,  the  apex  of  tkf  one  be^gp 
opposite  to  the  vertex  ^pf  the  gther.  One  of  these  ooi^e^  ip 
driven  directly  by  the  steam-engine,  and  tw^».siyjto  mp^pa 
to  the  other  by  meai^s  of  ^  broad  h^k  or  st^p  of  Isttther, 
which  is  always  eqiWly  tigjl^  in  any  and  every  piift  of  f|i^ 
cones,  becauae  they  ar?  pqvM  ^d  xev^^rsed ;  but  jt  is  pM9, 
that  the  spped  ^  the  dnrea  pjom^  wiU  v^fj  much  popot^iiig 
as  the  Mt  if  m;  th^  tpp  or  U»e  b<xtt<i^  ^  the  dpviiig  omm* 
When  the  belt  is  at  the  b<^n|4>r  fbipo^^fi^  pf  tMdriytec 
cwr^  ^  driveq  ppfl^,mpiie9  y^  slpw^y ;  n^  the  b^  is  fMjOe 
tp  aswid»  *e  Jip«Jd  ^  (hf:  4nrm  opoc  imt^ib^^  Mtf  nUi* 
QMAel^  4ttiws  j^  iaspLbaaiMn  wJtiW  jtbe  beit  isM  the  top.  A 
itoip  i«  fittMbpd  i^xMH  the  driven  ewe  to  the  spmdle  of  tbm 
N)lt9W^H»eil)e,  jAod  jUto  W^  ^  ^^^  ^^  ^  tbliw^'» 


pleasure^  by  a  boy  ^^mluiiff  a  direoliag  wimSu    When  tbt 
article  is  finished,  the  machine  is  thrown  out  of  geer. 

For  fonmngBancerSy  and  other  sonall  dmilar  articles,  there 
haa  been  reeently  intvoduced  a  small  vertical  «haj^  eidled  a 
Jigger,  on  the  top  of  which  is  a  turned  bead^  suked  to  reedya 
tm  fluMild  on  whidi  the  saucers,  8tc»  are  to  be  fortae (L 

Wben^  the  clay  is  in  one  peculiar  st&le,  caUed  the  JTMI 
9iaiej  it  is  the  most  suitable  and  proper  for  peffemuag  to  tbt 
greatest  advantage  die  remaining  opemtioM  end  prQce«e«9  cf 
tarmng,  handling,  trimndng,  &e. 

The  turmmg^lathB  is  the  same  as  used  by  wqod4wMqi« 
The  and  of  the  spindfe,  outside  tlie  beadatodc,  haa  a  m:i?w 
thread,  npoa  wbidi  is  screwed  ehoek$  of  wood^  <tf  a  U^ieM 
farm,  and  of  diffeienl  diametefB,  aceonbig  to  the  me  of  tbr 
interior  of  the  arljeles  of  pottery  to  be  turned.  V^9  \Mm9§ 
stands  rery  steady,  and  receives  from  an  attendant  the  y^mA 
to  be  turned,  which  be  6xes  upon  4m$  diocii»  and  tbeii  witjb  • 
tool  pwaaea  the  edges  dose  dowo. 

Hw  took  are  of  diftrenft  liae^  6om  one  ^aqpterof  w 
inch  to  two  inches  in  binadth,  and  si«  indies  in  bwgtb, 
Boade  of  tUn  iron,  lOca  hoep^rat^  the  end  for  eutting  bwg 
tmned  1^  dieot  a  quarter  of  an  iudbf  aod  gromd  f bafff 

MbtioQ  hdog  oomanmnricatad  to  the  lathe,  tb^  tim^ 
applies  his  tool  or  tools  to  the  various  parts  of  the  Siurfaoa 
that  require  veducftioa  of  enhetaaase,  f^tim  u  r9garda  tbi^k- 
neaa,  or  the  auitaUe  abapes  of  iima»  feety  fo.  When  this  ia 
eompieted,aeaiitraiy  motienia  ooaMBimieated  to  Ae  spindle^ 
during  whtdi  tbetamer  i^ppli^  Ae  jfet  part  of  his  tool  to 
the  Teasel,  and  by  gentle  preaaare  ffipea  it  a  aiuooih  suiAce, 
aad  solid  teslare« 

In  the  turning-lathes  moved  by  steam  some  particular 
awiMsiiiffiiN  mtt  made.  .  A  bamnntid  ^aft  nina  the  wh<>le 
leBig£  of  the  xttoaii  fsid  opposite  to  es«h  latbe  ia  a  drum, 
which  ^oasmuwtpstes  aserdon  to  a  set  4>f  pulleys,  of  varioua 
naea,  faced  en  an  aibor  or  abaft,  by  mwia  of  a  leather  belt. 
Upon  tUa  aAor,  or  shgRi,  is  a  loose  pulleyf  connected  by  a 
eroeaed  belt  with  a  amaH  fulky  fa^ed  ein  the  spindle  of  the 
klhe,  which  evideinly  will,  wMnerar  die  stny  from  the 
dmm  ia  duncfeed  upon  Urn  loose  p^ey^  reooive  a  aetrogmdo 
mntfan.  Hm  i^dle  baa  puAeya  counter  to  those  fitted  on 
thn  nrbor,  and  aa  they  are  ever  eevobjng^  tba  diret^iqg  of  the 
heli  faam  tiiem  to  fd»  ^indle,  by  a  fpMft  move4  by  the 
woricasan'a  faoi,  will  tnoiease  er  dbmaisb  tb»  vaod  durwg 
tbe  tuning  of  thn  vsaael  under  opftajtaons  ana  ffbm  '^  M 
i,  iiy  asofing  ihe  draoi'-ataap  on  anolber  piril^^  rrtlik 


4ftl  THB  OPKAATIVB   MBCHANIC 

grade  motion  is  given^  during  which  the  turner  smooths  off 
his  artiole,  as  brfore  noticed. 

'I^e  engine'laihe  is  of  the  kind  employed  to  give  unto 
circular  articles  of  hardware  a  milled  edge ;  consequently,  it 
dUFers  from  the  other,  or  common  lathe,  in  the  formation  of 
the  end  of  the  spindle,  and  the  appendages  to  the  headstodc. 
Certain  thin  circular  plates  of  steel,  into  whose  edges  are  cut, 
at  regular  intervids,  and  of  different  degrees  of  breadth,  deep 
incisions,  are  made  to  screw  very  firmly  on  the  endof  tiie 
spindle  above  the  chock.  The  collar-step  of  the  spinAe  is 
so  fitted  that  it  can  be  eflected  by  a  screw  pin,  which  gives  it 
the  requisite  horizontal  shuffling  motion.  Oppctttte  to  the 
steel-ptate  is  fixed  an  iron  piece  that  fits  into  tbe  incisions. 
The  turner's  tools  are  filed  to  give  the  particular  form  to  tiie 
designed  ornament,  and  the  vessel,  having  been  previoudy 
turned  in  the  plain  way,  receives  a  shnffing  motion  back- 
wards and  forwards  as  the  spindle  slowly  revolves,  and  only 
when  the  incision  admits  the  piece  of  iron  will  the  vessel  be 
in  contact  with  the  tool  of  the  woricman..  When  the  iron  is 
agunst  the  rim  the  surfiace  remains  untouched  by  the  tool. 
Numerous  very  elegant  and  curiously  indented  porcelain  arti- 
cles are  formed  l^  the  engine-lathe«  The  black  Egyptian 
circular  tea-pots  will  exemplify  every  species  of  engine-lathe 
turning. 

As  the  vessels  as  soon  as  turned  are  in  the  best  green 
state,  they  are,  as  soon  as  possible,  passed  to  the  handier, 
who  fixes  the  spouts,  handles,  and  all  other  requisite  appen- 
dages. Such  spouts,  handles,  or  appendages,  as  are  in  any 
way  curved,  oval-shaped,  or  ornamented,  are  formedin  moulds 
of  two  or  more  parts,  as  will  be  seen  hereafter  when  speakingr 
of  squeezing. 

For  hancUes,  and  some  other  articles  of  appendage,  a  press 
is  used,  consisting  of  an  iron  cylinder,  six  inches  wide,  and 
ten  inches  deep.  This  cylinder  has  a  strong  bottom,  with  an 
aperture  in  the  centre,  to  which  is  made  to  fit  differently 
shaped  plugs.  It  has  a  piston  acting  by  a  screw,  that  wori&s 
in  a  bent  iron  bow,  fa^ened  to  the  block  on  which  the  cylin- 
der rests.  The  aperture  being  supplied  with  a  plug  of  the 
required  form,  some  clay  is  put  into  the  cylinder,  and  the 
piston  forced  down,  by  tummg  the  screw,  which  causes 
the  clay  to  protrude  Uirough  the  aperture  m  the  ^ape 
required.  The  workmen  cut  it  into  lengthis,  as  wanted,  and 
bend  it  into  the  required  form,  and  when  sufficiently  dry, 
affix  it  to  tiie  vessel  by  slip;  Slip  is  likewise  used  to  affix  all 
other  appendages.    When  a.  tube  is  wanted, i  a  pinisfiKed 
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In  the  day  that  protrudes  through  the  aperture  of  the  cylin* 
der^  a  pin  is  fixed  above  the  centre  of  the  plug.  The  vessel^ 
being  allowed  a  short  time  to  dry,  is  cleared  of  all  the  super- 
fluous day  by  a  knife.  The  vessel  is  then  trimmed  with 
other  tools^  and  the  whole  of  the  joints  cleaned  off  with  a 
moist  sponge,  which,  while  it  carries  off  all  excrescences, 
gives  to  the  whole  uniform  moisture. 

We  shall,  previously  to  mentioning  the  process  of  squeez- 
ing, take  nojtice  of  the  modeller  and  the  mould-maker,  whose 
occupations  are  very  distinct  branches  of  the  art. 

The  modeller  has  great  scope  for  the  exertion  of  natural 
and  acquired  ability,  taste,  and  ingenuity:  for  on  him  depends 
the  elegance,  size,  figure,  adaptation,  and  correct  arrange- 
ment of  suitable  ornaments.  His  business  consists  in  taking 
a  large  lump  of  well-tempered  clay,  and  moddling  it,  by 
continued  carvings,  with  a  sharp  narrow-bladed  knife,  into 
the  rough  figure :  he  then  commences  the  trimming  process, 
by  removing  all  excrescences,  inserting  any  additions,  and 
finally  witii  a  great  variety  of  suitable  tools,  made  of  ivory, 
wood,  or  metal,  gives  to  the  whole  the  several  touchings  and 
retouchings  requisite  for  finishing. 

The  modellers  of  the  present  day  have  attained  much 
excellence,  and  as  a  proof  we  need  only  to  state,  that  many 
who  have  seen  the  Portland  or  Barberini  vcLse  (for  modd- 
ling of  which  Mr.  Wedgwood  is  said  to  have  paid  Webber 
the  enormous  sum  of  four  hundred  pounds)  declare,  that  any 
good  modeller  would  now  execute  the  whole  himself  in  less 
than  a  month,  and  with  a  proper  assistant  in  a  fortnight. 
The  branch  of  modelling,  however,  is  by  far  more  common 
sow  than  it  was  in  the  time  of  Mr.  Wedgwood ;  and  good 
workmen  obtain  fair  remuneration  for  their  labour. 

The  moutd-mcdcer  receives  the  model,  and  forms  firom  it 
the  requisite  moulds,  by  employing  plaster  of  Paris. 

The  gypsum  or  native  sulphate  of  lime  plaster  is  first 
ground  in  a  mill,  simQar  to  a  nour-mfll.  It  is  then  put  in  a 
long  trough,  under  which  runs  a  flue  communicating  with  the 
fire,  to  effervesce  until  all  the  water  is  ei^lled.  This  process 
is  called  both  boiling  and  burning.  The  workman  has  his 
mduth  and  nose  always  well  covered,  to  prevent  his  inhaling 
any  of  the  dusty  particles,  which  would,  if  taken  inwardly, 
be  very  prejudidal  to  the  lungs. 

.The  mould-maker  forms,  and  secures  by  a  broad  strap,  a 
casing  of  thick  clay  round  the  model :  he  then  mixes  in  a  jug, 
containing  a  certain  quantity  of  water,  the  proper  portion 
of  tiie  soft  impalpable  powder  or  pla^t^er,  and  stirring  it 
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quickly,  that  the  water  may  hare  ftn  oppotimiity  of  peiyadiiig 
it  thoiougkly,  pours  it  upon  and  around  the  saodd :  i&  Bome 
iBStancea  gentfy  or  briskly  shaking  the  mass.  Some  heat  la 
immediately  giren  out,  and  the  lirhole  yery  soon  becomes  a 
eon^pact  mass.  After  standing  a  short  time,  the  mould  is 
easily  separated  firom  the  models  and  each  part  is  placed  in  a 
stove  to  DC  dried. 

When  the  moulda  are  ImkL  to  be  pecfect,  ihey  are  kept 
dry,  by  which  they  retwi  the  property  of  absorbing  moisturs 
with  great  rapidity,  so  that  the  sgrneezer  can  often  separate 
has  work  ftom  tlma  readily,  and  when  tlus  is  the  case,  the 
mould  IB  said  to  deliter  easilv. 

hk  some  of  the  principal  manufactories  large  slabs  of 
plaster  are  fitted  up  as  sheWes,.  which  senre  tiie  twofold 
purpose  of  holding  the  newly-focmed  articles,,  and  of  fesolitat- 
iactbe  drying,  by  absorbing  a  portion  of  the  moisture. 

The  workman,  called  the  msk'-maker^  who  uses  moulds, 
km  dishes,  j^ailes,  saucers,  wash-bowls,  or  hollow  ware, 
always  cuts  off  firons  the  mass  a  piece  of  clay  according  to  the 
size  and  strength  of  the  article  he  has  to  make*  Tins  he 
again  cuts  asunder,  or  breaks  wilh  hia  hands,  repeating  the 
memtion  of  forcibly  slapping  them  together,  to  prevent  any 
air-bttbbks  ftoos  reaaaiiiing  in  it.  The  ptece  is  then  laid  on 
a  flat  suE&ce  of  board,  or  plaster,  and  the  workman  witb  a 
heavy  lun^  of  clay,  with  a  levd  un^er-surfiuse,  adapted  for 
holding  in  the  hand,  beats  the  clay  to  the  thinness  th«  Tessel 
is  intended  to  &urm«  These  pieces  of  clay  are  tedmicaliy 
called  biUs. 

For  wa^-bowls,  dishes,  or  plates,  the  workman,  called  the 
wAtrfer,  uses  a  vertical  spinde,  sumumnted  with  a  circukir 
block,  ten  inches  diameter,  and  about  two  inc^s  thidc.  On 
t^is  he  places  his  plaster-mould,  and  with  a  bat  lays  the  day 
properly  t^n  it;  he  then  with  one  hand  gives  motion  to  the 
whole,  while  widi  the  other,  dipped  in  water,  he  presses  the 
day  very  close  to  the  plaster-mould :  then,  when  any  addi-' 
tional  piece  is  required,  as  the  ledge,  or  foot,  it  is  jomed  on 
with  slip,  and  firmly  squeezed  to  ue  other  clay.  Afterwards 
a  suitable  thin  tool  or  utensil  of  pot,  of  the  profile  of  the 
inside,  is  i^^lied,  to  g^ve  the  proper  shape  and  thinness. 
The  sponge  is  now  again  employed  to  dean  off  all  excres- 
cences ;  the  whole  is  cut  to  its  size,  finished  with  the  sponge, 
and  set  to  dry  alittle,  and  a  horn  tool  is  employed  to  tnm 
it  off. 

The  moulds  are  capable  of  being  used  five  or  six  times  in 
succession  each  day,  because  as  soon  as  one  has  been  chai^ 
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it  18  set  in  a  stove  to  dry,  and  aft  thd  Workman  proceeds 
re^larly,  each  is  allowed  equal  time  tot  drjiiig. 

Wlien  the  bowls^  dished^  or  plates^  are  taken  off  the 
moulds^  and  have  been  tared  round  the  edge  with  a  thin 
bladed  kmfe^  they  ^e  Slightly  polished  by  the  Band,  and 
afterwa^s  laid  on  each  oth^i^  in  quantities  of  four,  eight^^ 
twelve,  or  mofe,  according  to'the!^  size  and  strength,  to  dry 
and  hai^en,  pr^paratcQfy  u>  being  placed  in  saggers  for  the 
biscuit-oven. 

The  squeezer  generalhr  uiies  moidds  which  have  two  or 
more  parts.  The  moulds  mr  figured  have  their  parts  numbered. 
He  takes  a  bat  of  a  proper  size  and  thickness,  and  lays  it 
in  one  part  of  the  mould,  then  with  a  large  sponge  beats  and 
well  forces  it  into  all  the  cavities;  he  next  tiSces  another 
part,  on  which  is  the  bottotn,  and  presses  the  two  parts  toge- 
ther ;  he  then  rolls  a  piece  of  clay,  and  forces  it  into  those 
parts  of  the  article  where  the  i!nould  Joins  together,  and 
afterwards  cleans  off  aQ  the  excrescences,  and  secures  the 
parts  by  a  leather  strap,  so  that  they  cannot  come  asunder 
while  the  mould  is  in  the  stove,  or  on  the  shelf,  to  dry  to  thc^ 
green  state.  When  he  taked  the  strap  off,  the  parts  of  the 
mould  are  carefully  separated,  and  the  vessel  nnished,  by 
the  joints  being  pared,  cleaned,  and  spdnged.  The  spouts, 
handles,  covers,  ornaments  oh  the  outside,  and  figures,  are 
similarly  formed  and  finished  off. 

This  part  of  the  process  was  formerly  perfbrnied  by  casting ; 
but  casting  is  now  only  employed  i6r  the  most  elegant 
infegular  shapes,  wher^  strength  is  not  important. 

'Hie  very  dry  mould  is  well  closed  togethei*,  and  strapped 
for  security.  Some  clay  is  then  mixed  with  pure  water  till 
it  be  reduced  to  a  pulp  of  the  consistence  of  cream.  This  is 
poured  into  the  mould  until  it  be  filled,  and  (he  plaster,  of 
which  the  mould  is  formed,  absorbs  the  watef  fix)m  the  clay 
that  is  contiguous  to  it,  and  leaves  a  Coating  of  clay  attached 
to  the  mould.  The  pulp  is  then  poured  out,  and  the  coatiiig 
allowed  a  short  time  to  dry;  a  second  charge  of  a  much 
thicker  consistence  is  then  poui^d  in,  and  ^rms  a  body  suffi-- 
ciently  thick  for  the  article  intended,  and  when  a  coating  is' 
agam  foitned,  the  remainder  of  the  pulp  is  poured  off,  and 
the  mould  placed  a  short  time  near  a  stove,  and  when  suffi- 
ciently dried  is  separated,  and  the  article  left  to  dry  to  the 
green  state :  the  seams  of  the  joints  ar«  then  smoothed  off,  and 
the  article  is  finished  by  the  skill  of  the  workman,  and  when 
thoroughly  dried  is  placed  in  a  sagger  for  the  biscuit-oven. 

All  the  articles  made  in  the  clay  by  these  various  processes, 
2h2 
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after  being  finished  in  reference  to  their  shapes,  figures,  sizeSi 
ornaments,  &c.  are  placed  on  beards,  and  left  to  dry  by  the 
temperature  of  the  apartment  where  they  were  made,  or  put 
into  a  drying- house,  green-house,  or  stove. 

The  sagger-maker*  is  expected  to  know  the  exact  propor^ 
tions  of  marl,  old  ground  saggers,  and  sand,  that  are  required 
to  form  the  best  saggers  for  either  pottery  or  porcelain. 
Saggers  are  of  different  sizes,  shapes,  and  depths,  formed  of 
a  very  porous  composition,  and  capable  of  bearing,  without 
being  fused,  a  most  intense  heat.  The  bottom  of  each  sagger 
has  a  thin  layer  of  fine  white  sand,  to  prevent  the  pieces  of 
pottery  touching  and  adhering  to  it. 

For  porcelain  flat  ware,  as  plates,  &c.  the  sagger  is  also 
firmly  filled  with  very  dry  flint,  to  preserve  each  piece  in  its 
proper  shape.  When  a  sagger  is  filled  with  clay  ware,  on 
Its  outer  edges  are  placed  thick  pieces  of  coarse  clay,  called 
wads  from  their  bemg  employed  to  wedge  or  closely  join 
the  interstice  between  two  saggers,  as  well  as  to  support  the 
edges,  and  preserve  equal  pressure. 

£ach  pile  of  saggers  placed  in  an  oven  is  called  a  bimg; 
and  the  man  who  places  the  ware  in  the  saggers,  and  the 
8a«ers  in  the  oven,  the  oven-man. 

The  potter's  oven,  for  both  biscuit  and  gloss  firings,  is  very 
much  lUce  that  in  which  bricks  and  tiles  are  usually  burnt  in 
most  parts  of  the  kingdom;  that  is,  a  cylindrical  form,, 
surmounted  by  a  dome.    Around  this  oven  are  formed  fire- 

J  laces  or  mouths,  whence  the  fire  passes  into  horizontal 
ues  in  the  bottom,  and  perpendicular  flues,  called  bags,  on 
the  inside,  and  so  ascends  through  all  the  interstices  of  the 
bungs,  of  swgers,  until  the  surplus  escapes  through  the 
aperture  in  the  dome  of  the  oven. 

Most  ovens  are  surrounded  by  a  high  conical  building, 
called  a  hovel,  large  enough  to  allow  the  man  to  wheel  coals 
to  the  requisite  places,  and  to  pass  along  to  supply  each  mouth 
with  fuel ;  and  at  the  same  time  to  protect  both  him  and  the 
oven  from  rain  or  any  other  atmospheric  inclemency. 

The  saggers  are  sometimes  placed  to  dry  in  the  sides  of  the 
hovel,  and  sometdhes  in  a  smoke  house. 

The  biscuit-oven  is  always  the  largest  upon  the  premises. 
The  workman  is  called  the  biscuit  ^eman,  and  is  employed 
from  48  to  50  hours  at  a  time.    The  heat  is  gradually  ia- 

*The  word  "  sagger  "  is  by  many  supposed  to  be  a  corruption  of  saie- 
guard;  bm  we  are  disposed  to  date  its  origin  to  the  Hebrew,  from  the 
word  MagoTf  to  bum.  It  is  a  baked  earthen  vessel  into  which  others  am 
placed  when  put  into  the  kiln. 
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creased  thronghout  the  tlme^  but  porcelain  does  not  require 
it  so  long,  as  it  more  readily  allows  the  heat  to  be  raised. 

In  different  parts  of  the  oven,  where  they  can  be  easily  ex- 
tracted, rings  of  Egrotian  black  clay  are  placed,  as  trials,  by 
which  an  experienced  fireman  can  tell  how  much  longer  the 
process  must  be  carried  on,  not  within  an  hour,  as  indi- 
cated by  Wedgewood's  pyrometer,  but  within  ten  minutes. 
Hence  the  pottery  district  has  a  very  pertinent  proverb : 
«  Nothing  beats  a  trial:' 

Tlie  name  of  Ike  ware  thus  fired  is  biscuit,  because  of  its 
being  to  appearance  and  feel  like  ship-bread  when  well  baked; 
die  surface  is  devoid  of  any  appearance  except  that  of  a 
tobacco-pipe,  sometimes  tinged  by  the  intense  heat.  When 
the  saggers  are  taken  out,  the  articles  are  carefully  sorted^ 
and  all  injured  pieces  are  rejected. 

If  pottery  were  used  in  the  biscuit  state,  it  would,  in  some 
cases,  be  permeable  to  water ;  hence  wine-coolers,  alcazaras, 
are  always  in  the  biscuit  state.  The  best  size  of  wine-coolers 
is  that  which  just  admits  the  bottle,  for  then  the  air  of  the 
K)om  can  very  little  affect  the  water  in  the  cooler,  which  con- 
sequently, by  passing  from  the  inner  to  the  outer  sur&ce,  effects 
the  purpose  sooner ;  a  humid  coating  being  thus  presented  to 
the  action  of  the  surrounding  atmosphere,  the  evaporation 
causes  a  consequent  quicker  diminution  of  heat  than  coulcl 
take  place  with  a  dry  surfieure 

All  articles  of  pottery  which  have  but  one  colour,  and  many 
that  have  several,  are  in  general  ornamented  either  by  the 
pencil,  or  by  impressions  taken  from  copper-plates.  The 
former  is  called  blue,  or  ^  biscuit-painting,  the  latter  blue- 
printing.  Both  processes  take  place  on  the  biscuit,  prior  to 
the  ware  being  dipped  in  the  glaze.  If  the  ware  were  not 
previously  fired,  and  were  capable  of  being  handled  about  for 
the  painting,  the  water,  used  to  soften  the  colours,  would 
soften  the  ware ;  and  the  impressions  from  plates  could  not 
be  clearly,  even  if  at  all,  transferred  to  the  ware ;  water  also 
could  not  be  employed  to  wash  off  the  paper,  and  the  water 
which  contains  the  components  of  the  glaze  would  be  ab- 
sorbed by  the  clay  body,  which  would  by  this  means  be  ren- 
dered  so  soft  as  not  to  preserve  its  shape  in  the  oven. 

It  has  been  thought  that  advantage  might  result  firom 
being  able  to  mix  some  substance  with  the  clay  of  enamelled 
-ware,  which  would  resist  the  action  of  water,  ^s  a  suitable 

Slaze  might  then  be  first  employed,  and  one  firing  answer  for 
oththebiscuitand  the  gloss,  which  would  save  one  open|« 
£ion,  as  well  as  the  time^  labour,  and  expense  of  fuel« 
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In  IfbM'iiaintingf  the  colour  is  mixed  with  water  nd  gtun, 
and  cvefiyily  l^d  on  the  biscuit  ware.  A«  every  stroke  leaves 
2^  mar)c  ifi  the  pores  of  ti^e  Tessel,  gpea(;  attsntiiM)  must  be 
mid  to  the  p^ttexn^  for  ^  stroke  opise  made  em  never 
be  rubbed  out.  ^Stst  the  patten)  is  finished^  the  war^  \i 
allowed  to  dry  by  the  atmosphere^  and  is  thep  dipped  in  th  i 
glaze ;  it  is  afterwi^ds  exposed  to  heat  in  the  g^os^Qveq . 
which  fuse#  the  minerals  contained  in  the  colpnrs,  ^pd  gives 
to  each  a  coating  of  true  gloss :  about  4000  young  wonipn  are 
evnployed  in  this  branch  of  pottery,  and  by  theifr  kidnetry 
si^ppprt  themselves  in  a  respectable  manner. 

jBlu0-printing  is  the  impressions  taken  from  engraved  pop- 
per-plates by  means  pf  a  voUiug-press.  The  blue-prmter  lays 
the  plate  upon  a  stove  while  the  oiljr  colouring  substance  ia 
rubbed  in,  and  by  the  heat  the  metalline  particles  cpntaWd  in 
the  oil  flow  and  sink  more  readilv  into  the  engpi^ed  Unes. 
Tbp  colour  is  oxide  of  cobalt,  fluxed  with  diflbrent  suIh 
^tancesy  and  ip  suitable  proportbns,  for  the  pal^  pr  d^k 
biu^s. 

The  8imerQi|ops  colour  is  carefully  cleaned  off  the  hot  plate, 
which  is  l^d  on  the  press,  and  covered  with  a  piece  of  coarse 
tissue  paper,  which  nas  been  first  brushed  over  with  a  strong 
Ije  of  soft  soap,  palled  sizing.  The  whole  is  now  passed 
through  the  press,  and  the  heat  of  the  plate  dries  the  paper, 
renders  it  more  adhesive  of  colour,  and  also  more  easy  to  be 
extracted  from  the  plate.  The  unpressbn  when  taken  off  the 
plate  is  givei^  to  a  girl,  called  a  cuiier,  who  cuts  it  into 
shapes,  and  hands  the  pai1»  to  a  woman,  (the  transferr^j)  who 
put^  them  on  th^  biscuit,  and  when  she  has  properly  arranged 
them  rubs  them  till  the  several  pieces  are  completely  affixed  to 
the  biscuit  article :  th?  article  is  then  left  for  a  short  time  to 
imbibe  the  colouring  matter  |  after  which,  the  pn^er  is  well 
washed  off  with  clean  water,  and  the  article  is  put  mto  a  kiln 
to  dissipate  the  oil.  Sometimes  the  outline  of  a  pattern  is 
printed  on  the  ware,  and  the  colours  are  afterwards  added 
with  a  pencil. 

The  earthenware  is  pow  ready  to  receive  the  smooth  coat^ 
ing  called  gloM  or  glost.  The  employing  of  this  ghisBe, 
though  in  general,  is  not  always,  with  a  design  to  prevent  the 
vessel  from  imbibing  the  liqipd  that  may,  at  any  mture  time, 
be  poured  into  it ;  because  some  bodies  of  eaithenware  are, 
before  glazed,  impermeable  to  liquids  of  any  kind;  but  with 
a  design  of  accomplishing  a  more  important  object,  that  of 
hiding  the  substance  of  the  vessel,  which  is  not  always  either 
for  fineness  of  te^tujre  or  whiteness  oi  colour^  pf  a  very  pn^^ 
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jposMBMUg  appcwttnee.  Acootiiig  of  'weNl  glaae  n^ouM^  bjr 
ite  toaiMpareiJt^t  oidy  expooe Ifaese  defects;  even  if  it  were 
•uffieicotif.  eoMtractile  aoid  expandile,  by  Buddeii  dauoges  of 
te^peiaAure,  to  adndt  i)f  its  beiug  i»sed.  Hence  is  employed 
a  vitrifiable  oomposilion  of  orideH  of  lead,  glass,  tin,  &c.  sotne* 
what  resembling  common  flint  gfatas,  readily  nuide  fusibie 
by  alktleaikali  and  hardened  fluit,  which  will,  when  wdl 
managed,  possess  sufficient  opacity,  and  by  applying  a  certain 
degree  of  heat,  flow  and  vitrify,  and  rentier  lusiUe  any  fliht 
ixt  clay  in  contact  with  it,  and  thus  not  only  fiU  up  tibe 
pores  of  the  bisciat  article,  but  cover  the  whole  widi  an 
opaque  coating,  that  may  be  regarded  as  of  real  flint  glass. 

As  the  glaze  that  suits  one,  composition  of  ware  will  not 
suit  another^  owing  to  the  difference  in  kinds  as  well  as  pro- 
portions of  materials,  it  is  ever  requisite  that  the  components 
of  the  glaze  be  carefully  appropriated  to  the  hardness,  density, 
&c.  of  the  components  of  the  clay ;  because  a  good  glaze 
should  always  possess  the  property  of  remaining,  after  being 
fired,  unafiected  by  heat  or  cold,  in  exactly  the  same  ratio  as 
the  day,  else  on  any  sudden  diange  of  temperature,  there 
would  be  a  counter  action  between  the  body  and  the  glaze. 

When  the  article  is  diort-fired,it  is  always  more  susceptible 
of  the  components  of  the  glassy  surface,  and  becomes  al-^ 
together  crazed,  or  fiill  cf  little  cracks,  whidi  render  it  perme* 
able  to  water,  and  receptive  of  oily  and  greasy,  and  other 
heterogeneous  substances,  and  ere  long  the  article  will,  by 
constant  usage,  appear  very  much  like  a  rotten  substance. 

{jTating  is  the  technical  term  for  the  cracking  of  the  glaze, 
whatever  be  the  cause :  whether  it  arise  from  excess  of  al* 
kali  in  the  materials  composing  the  glaze,  the  deceptive 
union  of  the  body  and  glaze,  the  unsuitableness  of  the  body 
to  the  materials  of  the  glaz^  the  components  of  the  gh&ze  not 
being  equally  fusible  at  the  heat  employed,  or  the  heat  for  the 
proper  fusion  of  the  glaze  being  too  high  for  the  body 
Usek 

Mr.  Parkes  states,  that  a  littie  lime  mixed  in  the  clay  will 
prevent  crazing ;  but  manufacturers  are  of  opinion  that  the 
net  is  the  contrary.  Lime  will  in  a  slight  degree  add  to  the 
transparency  of  porcelain,  but  ever  render  it  liable  to  craze. 
U  the  articles,  whether  biscuit  or  gloss,  be  taken  out  of  the 
oven  before  tolerably  cool,  the  temperature  of  the  air  will 
most  generally  affect  them,  and  especially  the  glaze,  which  is 
not  then  properly  annealed. 

The  glaze  is  a  vitrifiable  composition,  about  the  consist- 
ence of,  and  in  appearance,  very  much  like  new  cream.    It  is 
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essential  tLat  it  be  thin^  aad  wbea  fired,  possess  a  dq;ree  of 
opacity  to  approach  as  xieari^  as  possible  to,  and  ^et  be  below 
the  fosibility  of  the  Inscmty  that  the  combination  may  be 
more  intimate  and  permanent.  Hence  its  composition  varies 
for  each  body,  consonant  with  the  view  and  experience  of  the 
manufEicturer ;  and  it  is  very  seldom  that  it  can  be  applied  to 
another  body  without  preriouslj  altering  its  composition. 

In  some  instances  the  cost  of  glazing  is  much  less  than  in 
others ;  though  economy  is  sought  for  in  all,  and  each  manu- 
facturer rq^ards  his  own  as  the  best  and  cheapest  of  the  kind 
for  the  purpose  to  which  it  is  employed.  Great  care  is  taken 
that  the  recipes^  which  are  considered  very  valuable,  be  kept 
as  much  as  possible  secret  among  themselves,  to  prevent 
foreign  potters  availing  themselves  of  them,  to  the  injury  of 
our  manu&cture. 

Raw  glazes  are  employed  for  the  common  pottery,  such  as 
toys,  jugs,  tea-ware,  &c.  They  are  generaUy  composed  of 
white-lnd,  Cornish-stone,  and  flint,  ground  by  a  hand-mill. 
We  have  seen  a  few  raw  glazes  for  porcelain  of  a  very  good 
quality ;  but  fintt  glazes  are  mostly  used,  and  are  of  excdlent 
quality. 

FHtt  is  derived  from  a  certain  ^combination  of  different 
materials  being  well  mixed  together,  otfrUted,  and  then  cal- 
cined ;  which  procures  a  union  of  all  the  parts,  and  a  solidity 
and  purity  not  otherwise  attainable.  The  fritt  is  generally 
placed  where  it  can  be  affected  by  a  sufficient  heat  to  fuse  all 
Its  ingredients,  without  volatilizing  the  uncombined  alkali. 

Lynn  sand  is  occasionally  one  of  the  ingredients  em- 
ployed in  the  fritt.  Some  persons  use  soda,  to  render  the 
fritt  more  fluent  while  being  fired.  In  some  instances,  com* 
mon  salt  is  used  along  with  a  portion  of  potash,  which  decom- 
poses it,  and  drives  SS  part  of  its  impurity.  The  remaining 
impurities  are  driven  away  in  the  process  of  fritting.  Let  it 
be  remembered,  however,  that  brilliancy  of  glaze  is  formed 
only  by  lead ;  and  that  the  employment  of  3alts  ever  produces 
a  poor  appearance. 

The  calcined  fritt  is  pounded,  picked,  sifted,  and  ground  to 
an  impalpable  powder,  after  which  it  is  mixed  with  certain 
proportions  of  white-lead  and  flint,  and  again  ground  in  a  very 
powerful  mill.  The  finer  it  is  ground,  the  more  serviceable 
It  is  for  the  purpose ;  the  glaze  is  every  way  better,  is  more 
level  on  the  ware,  more  readily  and  easily  fired,  of  greater 
brilliancy,  and  scarcely  ever  liable  to  craze. 

The  lead  causes  the  of  her  components  to  vitrify  at  a  certain 
ti^at ;   and  accordingly  as  more  or  lebs  i?  used,  the  glazg 
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beoomcB  harder  or  softer.  Many  objections  have  been  made 
to  its  employment :  those  in  reference  to  vessels  for  domes- 
tic pnrpoB^  we  have  abready  noticed ;  and  in  reference  to  the 
dippers  being  subject  to  paralysis  (which  is  supposed  to 
result  from  the  lead,)  every  aid  is  afforded  by  preventives, 
and  where  attention  is  paid  to  personal  cleanlmess,  and  the 
water  and  towel  placed  for  their  use  are  employed,  deleterious 
effects  can  seldom  be  experienced. 

The  materials  being  well-ground  and  in  a  state  of  fluidity, 
are  next  put  into  the  dipping  tub.  As  the  materials  are  heavy 
it  is  requisite  to  keep  the  powder  suspended,  and  uniformly 
dispersed  through  the  mass,  wliicb  weigha  about  32  oz.  per 
ale*pint.  By  the  side  of  this  tub  stands  the  dipper,  and  a  boy, 
his  assistant.  The  boy  is  employed  in  brushing  the  articles, 
and  delivering  them,  one  by  one,  to  the  dipper,  who  dips  them 
quickly  into  the  liquid,  and  as  soon  as  he  takes  them  out, 
turns  them  rajpidly  about,  that  the  thickness  of  the  liquid 
may  be  equal  in  aU  the  puts.  The  water  is  imbibed  by  the 
porosity  of  the  biscuit,  and  there  is  left  a  coating  of  the  sub* 
stances,  sufficiently  hard  to  continue  affixed  until  the  article 
be  placed  in  the  sagger.  The  article  is  then  placed  on  a 
board,  another  is  similarly  dipped,  and  thus  it  proceeds  untU 
the  quantity  be  finished,  when  the  whole  are  put  into  saggers. 

When  a  flat  piece  has  been  dipped,  it  is  placed  on  a  board, 
in  which  are  a  number  of  nails,  about  an  inch  above  Che  sur- 
face ;  the  superfluous  compound  runs  ofi^  the  remainder 
quickly  dries,  and  soou  admits  of  being  moved ;  which  effects 
a  saving  in  fuel  and  materials^  and  the  articles  are  better 
glazed. 

Hollow  pieces  and  blue-priuted  ware,  are  placed  on  hair 
sieves,  or  on  four  pieces  of  sheet  iron,  from  two  to  three  feet 
long,  called  ^fiddle;  in  three  minutes  the  dipped  articles 
are  sufficiently  dry  to  be  removed  to  the  board,  and  a  few 
minutes  afterwards  to  be  placed  in  the  saggers. 

In  the  inferior  earthenware  certain  metallic  oxides,  as  of 
copper,  &c.  are  mixed  with  the  glaze.  These  kinds  of  glazes 
are  distinguished  by  the  name  of  dips.  When  the  article  has 
been  thus  dipped,  it  is  finished  on  a  turner's  lathe,  to  mark 
what  is  to  be  white,  and  when  the  appendages  are  affixed  it 
is  dried  in  tlie  oven. 

The  articles  are  again  put  into  the  saggers  to  fuse  the  glaze, 
and  as  in  this  process  each  would  attach  itself  to  the  other, 
were  they  to  come  in  contact,  pieces  of  clay  of  different  sizes 
and  shapes,  called  stilts,  cockspurs,  rings,  pins^  bats,  &c* 
9se  put  to  keep  them  apart. 
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rbesageen  arenas  befiore,  j^ed  in  the  gUm^-^mem^ 

■eldom  boidi  more  than  one  half  the  quantity  of  ware  fired  in 
the  biscttit-oven*  The  glou^firtman.  faiaea  the  teaqpentare 
as  quickly  as  possible  to  a  hei^t  sofficient  to  fiiae  the  ^aae^ 
which  is  mucb  lower  than  the  heat  of  the  biacoit-oven  and 
usually  keeps  it  fired  firom  16  to  19  honn.  Drialsy  made  of 
native  red  clay,  are  found  waj  esaential  in  thia  operation,  to 
prevent  the  ware  being  more  mtenaely  heated  than  the  faiacoit 
body  will  bear ;  for  as  day  oontiacta  by  every  addition  of  heat, 
were  the  heat  of  the  f^os»H)wea  to  exceed  die  heat  used 
for  the  biscuit,  the  ait^les  would  be  further  contracted,  and 
would  be  either  crooked  in  shape,  or  injured  in  the  glaze. 
The  coating  of  glaze  which  adhered  to  the  biscuit  is,  by  this 
firing,  uniformly  spread  over  the  snrfiBu^e,  the  particles  are 
fiised  altogether,  and  the  ware,  when  odd,  appears  to  be 
covered  with  perfect  gloss. 

As  the  gloss-oven  is  sometimes  fired  to  a  greater  degree  of 
heat  than  some  colours  will  bear,  another  process  is  employed, 
called  mamelling,  because  the  designs  are  more  el^ant  in 
their  execution  and  form,  and  the  coIouib  are  burnt  into  the 
glaze  of  the  pottery.  These  designs  are  of  the  finest  descrip* 
tion,  and  are  most  delicately  executed  upon  the  glossy  surftce. 

Tlie  colours  used  are  generally  of  a  mineral  or  metallic 
nature.  For  blacks,  oxide  of  umber  and  cobalt,  and  a  little 
oxide  of  copper.  The  best  oxide  of  iron  is  produced  by 
causing  heated  air  to  act  upon  iron. 

For  purples  and  violets,  precipitate  of  casnus,  and  oxide  of 
gold. 

For  greens^  oxide  of  copper,  and  precipitate  of  copper. 

And  for  blues,  oxide  of  cobalt. 

These  oxides  are  all  in  an  impalpable  powder,  and  are  mixed 
with  a  certiun  powder  as  a  flux,  and  are  so  prepared  as  never 
to  spread  beyond  tlieir  lines,  or  injure  the  drawing  while 
being  fired. 

£ach  colour  is  ground  with  a  muUer  on  a  large  hard  stone, 
and  is  incorporated  with  acid  of  tar,  oil  of  turpentine,  or 
whatever  oil  may  be  deemed  suitable,  and  is  evaporative. 
Camel-hair  pencils  are  used  to  lay  the  colours  on  the  pottery. 

As  both  males  and  females  are  employed  in  this  branch,  the 
men  are  called  painters,  the  women  paintresses :  but  in  blue- 
painting,  where  no  men  are  employed,  the  women  are  csdled 
hlue'-ptunters. 

This  is  the  finest  and  most  durable  spedes  of  pdnting,  and 
it  is  capable  of  being  employed  for  the  most  elegant  and  vala* 
able  embellishments,  as  neither  air,  nor  wear,  can  afiect 
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either  the  beaaty  of  the  deatga^  or  the  brilliancy  of  the 
^ours. 

Gilding  requires  the  precipitate  of  gold  jErim  its  solution 
to  be  properly  minced  with  oU  of  turp^tine^  and  great  pains 
must  be  taken  in  laying  it  on  the  pieces,  which  is  done  in  a 
manner  similar  to  the  preceding.  When  the  article  is  heated, 
the  oxygen  ffies  off  and  leares  on  the  ware  the  gold  in  a  metal* 
lie  state ;  but  the  natural  brilliancy  of  the  gold  is  wmitiug, 
consequently,  a  bmmisher  of  agate,  blood-stooe,  or  steel,  is 
applied  to  the  gold,  first  moistened  with  flint^water,  to  pro- 
cure the  bright  and  shining  property  of  the  precious  metal, 
which  is^  by  that  means,  quickly  brought  in  view.  This,  when 
the  gold  is  not  too  much  lowered  by  flu«ing,  will  scarcely 
ever  tarnish. 

Blaek^priniing  is  a  very  distinct  and  curious  process.  The 
workn  an  bcnls  a  quantity  of  glue  to  a  certain  consistence, 
and  pours  it  on  very  smooth  dishes,  to  the  thickness  of  an 
eighth  or  a  quarter  of  an  inch,  according  to  the  size  of  the 
plate  he  may  have  to  use.  This,  when  cold,  is  ctit  into  sizes 
for  the  plate,  called  papers  /  and  he  makes  as  many  as  he  can 
conveniently  use  in  his  routine  of  working. 

Then  taking  a  cofqaer-plate,  properly  engraved,  he  rubs 
into  it  some  well-boiled  oil,  and  havuig  properly  cleansed  the 
plate^  forcibly  presses  the  glue^paper  against  it ;  the  latter 
being  firmly  msteyied  to  a  piece  of  wood  to  be  held  in  one 
hanij^  and  the  paper  being  laid  on  a  boss  or  cushbn  held  in 
the  other.  The  oil  in  the  plate  adheres  by  the  pressure  to  the 
glue-paper,  and  he  carefully,  but  firmly,  presses  it  and  the 
pieoe  of  pottery  together  \  then  separates  them,  and  with  fine 
cotton  slightly  sprinkles  the  colour  (which  is  in  an  impalpable 
powder)  upon  the  design  left  by  the  oil.  After  a  certain  time 
the  oil  has  evaporated  sufficiently  to  permit  all  superabundant 
colour  to  be  wiped  off,  which  is  done  with  much  delicacy  and 
attention,  by  using  old  silk  rags,  and  the  black  printed  pot- 
tery is  placed  in  the  enamel-kiln,  where  the  glaae  and  colour 
fuse  and  incorporate. 

The  enamel-kiln  is  copimoply  made  in  the  shape  of  a 
diemist's  mujgSe,  firom  about  siic  to  ten  feet  long,  and  three  to 
five  feet  wide )  having  firom  one  to  four  mouths,  according  to 
the  size  of  the  kibi,  and  the  purposes  to  which  it  is  applied  % 
these  mouths  are  made  for  the  admission  of  fuel.  In  this  kiln 
the  articles  are  very  carefolly  placed  in  layers,  or  thin  bats, 
until  the  whole  be  filled  \  the  mouth  is  then  stopped,  and  the 
kiln  fired  for  about  eight  or  ten  hours. 

The  articles^  when  painted,  gilded,  or  black  printed,  are 
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subjected  to  a  thiid  firing  in  the  enamel-kiln,  which  fuses  both 
the  glaze  and  the  colours,  and  the  mineral  or  metallic  particles 
flow  and  become  incorporated  into  the  glassy  surface* 

Lustre  ware  consists  of  an  inferior  quality  of  the  materials 
worked  into  the  usual  forms,  and  having  the  hue  of  gold, 
platiua,  or  copjper,  &c.  fixed  on  the  glaze,  whose  great 
brilliance,  when  first  made,  occasioned  it  to  be  thus  named. 

The  very  easy  method  of  performing  the  operation,  and  the 
quick  sale  which  the  articles  obtain,  has  caused  it  to  become 
so  common,  and  of  a  quality  so  inferior,  as  to  be  little  esteemed 
by  potters. 

The  pottery  to  receive  lustre  is  made  and  glazed  for  the 
purpose.  That  for  gold  Itistre  is  made  of  the  red  clay  of  the 
district,  and  when  fired  gloss,  has  just  a  sufficient  tint  left  to 
give  to  the  articles  that  peculiar  shade  of  colour  observable  on 
viewing  them.  A  very*  common  article  of  cream-colour  is 
commonly  used  for  the  silver  lustre. 

The  oxide  used  for  lustre,  as  gold,  platinum,  &c.  is  mixed 
vrith  some  essential  oil  by  the  application  of  heat,  and  the 
fluid  is  brushed  over  the  sur&ce  of  the  articles.  Sometimes 
ornaments  are  formed  on  the  surfiu^e.  For  this  purpose,  a 
thick  fluid  of  soot  or  lamp-black  is  laid  on  the  articles,  by 
brushes,  accordmg  to  the  patterns,  and  the  articles  are  then 
heated  in  a  very  hot  iron  oven,  and  afterwards  have  the  lustre 
brushed  over  them.  When  dry,  they  are  placed  in  a  kiln, 
similar  to  that  for  enamel  ware ;  which,  being  carefully  fired, 
dissipates  the  oxygen,  loosens  the  ornamental  article,  and  re- 
stores the  metallic  lustre  to  a  degree  almost  equal  to  its  primi- 
tive brilliance ;  but  in  some  cases  it  is  of  a  coppery  and 
steely  brilliance. 

In  Messrs.  Bileys'  shining  black  biscuit  porcelain,  the  ware 
is  of  a  let  black  jasper,  or  porcelain  body,  having  undergone 
a  high  degree  of  vitrification,  which  elicits  a  lustre,  or  bright 
vitnfied  polish  on  the  sur&ce,  of  the  appearance  of  black 
coral,  without  a  glaze,  which  is  of  considerable  importance  in 
point  of  durability,  elegance,  and  usefulness.  'It  is  warranted 
never  to  change  its  elegant  quality  by  time  or  use,  and  will 
clean  with  water,  equad  to  a  piece  of  the  finest  porcelain.  It 
has  a  decided  advantage  over  the  dry  body,  or  commoH 
Egyptian  black,  which  is  generally  scoured  and  oiled  to  give 
the  surface  a  smooth  appearance,  by  which  it  imbibes  dust 
and  becomes  offensive,  and  the  substance  of  which  it  is  com- 
posed being  of  a  porous  nature,  it  becomes  saturated  with  the 
liquids  poured  into  it,  which  eventually  prove  unwholesome, 
^9  well  as  disagreeable  to  the  hands  and  sights  the  whole  o( 
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these  disadTantages  is  obviated  bjr, Messrs.  lUleys'  black 
lustre^  nidch,  being  peffectly  vitrified;  allows  no  liquid  to  be 
imbibed. 

Hie  direful  effects  of  using  lead  in  the  manuibcture  of  pottery 
are  manifest  by  severe  cholics^  paralysis  of  the  limbs^  and 
often  the  untimely  death  of  the  workmen ;  and  yet  this  dan- 
gerous mineral  forms  the  glaze  of  the  common  red  pottery ^  in 
which  much  of  the  food  of  the  lower  classes  is  prejpared. 
Lead  is  slightly  soluble  in  animal  oil^  more  copiously  in  the 
acids  of  our  common  fruits^  and  more  especially  when  their 
action  is  aided  by  the  heat  required  in  cookery.  It  is  not 
improbable  that  many  of  the  visceral  disorders  of  the  poor, 
who  use  such  pottery,  are  attributable  to  this  little  suspected 
source ;  and  that  it  is  to  procure  the  temporary  removal  of  the 
pain  occasioned  by  the  action  of  the  lead,  that  they  habituate 
themselves  to  the  deleterious  use  of  distilled  spirits. 

It  was  on  this  view  of  the  subject  that  the  Society  for  the 
Encouragement  of  Arts,  Manufactures,  and  Commerce,  were 
induced  to  offer  their  largest  honorary  premium  for  the  dis- 
covery of  a  glaze  for  su(£l  red  pottery,  composed  of  materials 
not  any  way  prejudicial  to  the  heidth,  and  which  firom  its 
cheapness,  and  fusibility  at  the  comparatively  low  temperature 
required  by  red  pottery,  might  supersede  the  use  of  lead  in 
that  branch  of  manufacture. 

This  important  object  was  eventually  discovered  by 
J.  Meigh,  £sq.  of  Sheltoh,  who  was  well  persuaded  of  the 
possibility  of  its  accomplishment,  and  who,  without  any 
other  stimulus  than  a  desire  to  benefit  mankind,  first  fully 
ascertained  what  particular  objects  were  contemplated  by  the 
Society,  and  then  communicated  his  successful  process ;  by 
which  any  makers  of  red  pottery,  who  may  choose  to  depart 
from  long-established  usage,  which  is  but  too  often  the 
greatest  obstacle  to  improvement,  may  easily  remove  the 
source  of  the  mischief,  and  considerably  improve  the  quality 
of  the  ware,  and  effect  a  saving  in  matenals  in  fuel. 

After  this  view  of  the  subject,  we  shall  not  be  required  to 
apologize  for  giving  the  process  in  Mr.  Meigh's  own  language. 

^^  llie  common  coarse  red  pottery^  being  made  of  brick- 
clay,  is  very  porous,  and  is  fiired  at  as  low  a  temperature  as 
possible,  to  save  the  exjpense  of  fuel,  and  to  avoid  fusion,  or 
variation  of  shape,  which  would  result  from  highly  firing 
common  clay ;  consequently  there  is  Heeded  a  glaze  to  fill  up 
the  pores,  that  the  vessel  may  contain  fluids.  This  glaze 
must  be  very  fusible,  and  cheap;  hence,  for  transparent 
vessels^  lithaige,  and  for  black  opaque,  common  lead  ore,  are 


A    I 


478  THB  OPB&ATIVS   MBCHANIC 

UHed.  A  ghae  of  kad^  MtheAet  akogethet  wr  in  part^  h 
objectionable,  becautey  first,  when  qnicUy  raiBed  to  the  tonf- 
perature  of  boiling  water,  it  cracks  from  dmerent  expaaraiMBly 
&{  the  day  and  tbe  glaatie,  so  that  the  Itquid  permesittes  the 
body  of  the  Tiessel ;  and  secondly^  the  g^huM  of  lea«l^  whether 
alone  or  mixed  with  smaU  proportioi»  of  earthy  matter,  u 
very  soluble  in  vinegar,  in  the  acid  j«ioc9  of  fridifl^  ami  m 
animal  &t  when  boilings" 

The  ii^nrions  eieets  iriftiag  fimni  Ifaeie  hanre  been  alleady 
stated,  Mr.  Meigh  therefons  proposea,  that  m  miztmieof  red 
marl,  which  can  be  easily  gnnmd  in  water  to  an  mtpa^naU« 

rte,  and  will  remain  ampended  therein  for  tf  loi^  tme, 
employed  fa  dip  the  vend  hi^  sa  theA  its  poies  may  be 
filled  with  the  fine  particlea  of  the  marly  preparatory  to 
glazing ;  which  is  performed  with  a  mixtm^y  of  the  conH 
sistence  of  eream,  m  equal  paita  of  Made  nuatgAnete,  gtasa^ 
and  Cemitth-stone,  (chiefly  felspar,)  Weft  gioaiid  and  miaced 
together ;  ia  »  wlitle  gboe  the  maajg^anese  i»  dnritted.  After 
undergoing  Una  proeeas^  the  ware  ia  weH  dried  and  flred^  as 
usiiak 

Mr.  Meigh  alao  proposes  a  8ti>8tkttte  far  the  mafteviris  of 
the  common  red  pottery,.  coasiiMbig  erf  (bar  parts  eoaaoion 
marl,  one  part  red  marl,  and  one  port  brick^clay.  The  ware 
made  in  this  way  is  of  a  reddish  cream-'brown,  hardefy  tafyr^ 
oompaety  and  less  porous,  than  the  ted  pottery  f  more  econo- 
mical to  the  potter^  and  ealcnkibed  to  contrtbute  in  no  incon- 
siderable degree  to  the  heaUi  of  the  lower  dasaes  Who  nse 
the  red  pottery. 

The  aim  of  the  prindpal  maMinetmrete  has  boeil  to  obtaitt 
the  composition  of  a  clay  ted  gbae  for  poseefadHf,  which, 
when  firedy  shottld  be  very  fine  in  ita  teaitttrey  extremely  WhICe 
in  colour,  possess  ebneidemble  transparencfy,  and  at  the  same 
time  be  able  to  bear  different  degreee  of  heat  ai^  eold.  That 
the  reader  may  understand  more  folly  the  s^vend  pectdfattMea 
which  are  ccmsideired  by  manufaotovers  m  esa^ntial  to  perfect 
porcelain,  we  shall  stfclte. 

That  the  first  atod  most  importasit  quality^  10  a  sttporiorfty 
in  the  whiieness  of  the  porcebin ;:  that  its  appeafMoe  be  bee 
from  anv  specks,  and  tiiat  it  be  covered  with  a  rich  and  veiy 
white  glaze  of  almost  velvet  softness  in  appeanmc^,  and  of 
best  flint-glass  smoothnese  to  the  touch. 

That  the  second  important  and  essential  quality  is  Anu- 
bility,  or  a  substance  whose  components  will  bear,  without 
being  injuriously  affected,  a  sudden  and  rapid  increase  of 
temperature,  and  particularly  to  suslsain  unaltered,  the  action 
of  boiling  water.     • 


Tbat  tbe  tUM  eflBcaCial  quality  is  fruttsparency,  wbiA  la 
MhoStted  tobtt,  m  gome  meaame,  requisite,  bul  ceptainly  no€ 
entitled  to  that  Ugh  degree  of  preference  bo  frequently  giren 
to  it,  the  best  porcelain  being  a  shade  less  transparent  than 
a  kind  miicli  iiuerior. 

Fennerly,  CMmcnssenrs  very  l^^y  estimated  poreehun 
of  a  fine  granolar  texture ;  but  tks  criterion  of  exceilenee 
eannot  always  be  relied  on< 

To  aseevtain  Ae  tezttere  <rf  an  article^  it  must  be  fractored^ 
and  thei«bp  tadtly  destroyed;  the  semi^vitrifieation  and 
Glosetiess  m  texture  observaUe  in  one  piece  w3t  not  be  na 
obfieua,  but  there  wQl  be  a  varied  appearance  in  different 
pieces^  tltaugb  i^  be  fabricated  at  the  same  tmxe,  and  from 
the  same  mass  of  materials. 

Simfe-^Mna  is  formed  of  a  compound  of  Comish-stotte  and 
ckji  bkie  etny,  and  flint ;  and  with  a  glaze,  consisting  of  fead, 
buUet-glaas,  Cornish-stone,  and  flint.  It  is  very  dense  and 
dioraUe,  but  kss  transparent  than  bone-china ;  and  is  very 
mach  used  tor  jugs,  and  the  larger  sorts  of  vessels. 

Iron-stone  china  is  not  very  transparent ;  but  possesses' 
great  strength,  compactness,  density,  and  durability.  It  is 
not  much  used  for  tea-ware»  but  has  very  suitable  pcoperties 
for  dinner  and  supper  services,  jngs,  and  ornaments,  it  was 
discovered  by  Aiessrs.  O,  and  C.  Mason,  and  has  been 
more  productive  than  any  other  species*  of  pottery  or 
pcHTceuaaw 

JFUspor  ckkmj  which  has  been  only  very  recently  intro- 
duced, is  the  most  noted  of  all  the  porcelains ;  it  results  from 
tbe  introduction  of  certain  proportions  of  a  fresh  materia]^  into 
both  the  day  and  glasEe. 

ConUgh^stane  is  a  species  of  granite  in  a  state  of  decom- 
position, and  e<Hitains  much  felspar.  Comtsh-clay  is  found 
in  situations  where  this  decomposition  is  in  progress.  The 
decon^osing  granite  is  bmriBen  up  with  pickaxes,  and  the 
fragments  are  tiirown  into  running  water,  whose  action  washes 
off,  and  keeps  in  suopension,  the  slight  argillaceous  particles 
mtscSde  wiUi  t^at  fluid.  The  water  is  discharged  into  pans 
or  pits,  where  the  particles  subside,  and  the  water  is  evapo- 
ratedy  formerly  by  the  atmosphere,  but  now  by  heated  flues 
passing  under  the  reservoirs.  When  the  water  is  evaporated, 
the  substance  is  cut  out  in  square  lumps,  and  placed  on  shelves 
to  dry,  when  it  becomes  extremely  white,  and  in  the  state  of 
an  impalpable  powder.  It  is  then  packed  up  in  casks,  and 
forwarded  to  the  manufacturers. 

Tbe  day-  of  the  best  felspar  porcelain  is  formed  of  certain 
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pxoportionfi  of  china^stone  and  felspar;  the  mixing  of  fli^ 
proporuons  requires  much  attention,  for  an  excess  of  felspar 
would  cause  the  vessels  to  shrink  in  the  biscuit-oven,  prior 
to  the  fusion  of  the  clayey  particles,  which  causes  its  trans- 
parency; and  an  excess  of  china-day.  would  increase  the 
opaqueness.  In  both  cases,  the  glaze  would  expand  and  con- 
tract in  a  ratio  differing  from  that  of  the  biscuit,  and  cause 
the  pieces  to  be  crazed.  The  fusibility  of  native  felspar  is 
owing  to  its  containing  about  13  per  cent,  of  potash,  which 
causes  it  to  be  one  of  the  best  materials  for  glazmg  porcelain. 
Calcined  bone  is  used,  and  renders  the  day  very  wnite ;  but 
it  should  be  employed  with  judgment,  as  its  great  con- 
tractibility  causes  the  articles  wherein  it  is  used  to  excess,  to 
crack  on  sudden  changes  of  temperature. 

Beside  the  porcelain  or  china-clay  already  noticed,  the 
manufiEictares  use  four  other  kinds ;  the  two  first  from  Devon* 
shire,  ttie  two  last  from  Dorsetshire. 

The  diocik  cJay  is  remarkaljle  for  the  £u!ty  that  the  bituminous  matter 
iirhich  gives  the  colour  whence  it  derives  its  name,  flies  off  by  firing ;  ai^d 
the  blacker  the  clay  when  first  dug,  the  whiter  will  be  the  pottery. 

The  oraeking  clay  is  used  because  of  its  extremely  beautiful  whiteness 
when  fired ;  but  it  requires  very  exact  proportions  of  flint,  otherwise  the 
ware  will  crack  during  the  firing  of  the  biscuit. 

The  brown  clay  bums  very  white  without  cracking,  and  some  manufiu:- 
turers  use  much  of  it ;  but  as  the  ware  does  not  so  readily  imbibe  the 
particles  of  melting  glaze,  the  liability  of  the  ware  to  craze  causes  others  to 
reject  it  altogether.  This  day  is  with  difficidty  sifted  through  the  lawn,  re« 
quires  much  longer  weathering,  or  exposure  to  the  action  of  the  atmosphere, 
for  the  separation  of  its  particles,  and  to  prevent  crazing,  different  propor- 
tions of  other  materials ;  but  the  greatest  oDJection  to  it  is,  that  some  of  the 
kind  sent  within  these  few  years  has  always  burned  inferior  in  colour  to  what 
it  formerly  did. 

The  blue  clay  is  the  best,  and  the  most  expensive.  It  foims  a  verv 
white  and  solid  body,  and  requires  a  mudi  greater  proportion  of  flint,  which 
considerably  improves  the  quality  of  the  ware ;  but  the  proportions  require 
very  strict  attention,  and  a  higher  degree  of  biscuit-fire. 

The  cream-coloured  pottery  has  its  name  from  the  tint  of 
its  colour  being  that  of  new  cream.  It  is,  when  well  made^ 
and  properly  fired,  very  sonorous,  sufficiently  hard  to  elicit 
sparks  by  the  application  of  steel,  and  will  contain  liquids 
without  being  permeated  by  them.  When  it  is  of  good  quality, 
it  will  resist  the  action  of  nitre,  glass  of  lead,  and  other  fluxes, 
which  renders  it  of  great  utility  in  all  domestic  and  chemical 
processes  where  great  heat  is  used.  Care  must  be  paid  to 
the  current  of  ur  while  the  pottery  is  in  contact  with  fire, 
otherwise  its  hardness  and  density,  by  preventing  its  sudden 
contraction  or  expansion,  renders  it  very  liable  to  break. 

Wedgwood's  cream-coloured  potterv  is  allowed  to  reUdn 
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its  SQperiority,  neither  failing  nor  crazing  through  i^ ;  wUie 
much  of  the  pottery  made  by  persons  of  small  capital  is  very 
subject  to  both  these  defects. 

Cream  colour  is  formed,  according  to  the  views  of  the 
manufiftcturers,  of  various  propiortions  of  blue  and  porcelain 
clays,  flint,  and  Cornish-stone;  others  add  black,  or  brown, 
and  cracking  clays,  with  little  flint  and  tftone.  Recent  expe^ 
riments  prove  that  pottery  of  very  good  quality  may  be  made 
bv  mixing  from  90  to  40  per  cent,  of  the  native  clay  with 
blue  and  porcelain  clays,  and  flint  and  stone. 

llie  glaze  for  cream*^coloured  pottery  is  formed  of  white 
lead,  Cornish-stone,  and  flints  The  excess  of  lead  renders 
the  glaze  more  or  less  yellow,  which  is  remedied  by  the 

2 plication  of  other  materials  i  the  flint  gives  consistence  to 
s  lead  during  vitrification,  and  prevents  its  great  fluidity, 
which  else  would  cause  it  to  run  down  the  sides  of  the  ware^ 
aiid  leave  certain  parts  without  glaze* 

The  deleterious  effects  arising  from  the  employ  of  white 
lead  in  the  &brication  of  vessels  used  for  condiments  have 
been  pointed  out,  as  has  idso  the  importance  of  a  substitute  } 
but  as  the  best  manufncturers  use  much  Cornish-stone  and 
jBint  in  their  glaze,  and  more  especially  for  those  vessels  called 
bakers,  the  cause  of  complaint  does  not  attach  itself  to  their 
pottery.  All  persons,  therefore,  who  wish  their  pickles  and 
preserves  to  be  unaffected  by  this  poisonous  mineral,  should 
resolve  on  purchasing  their  jars  from  the  dealers  who,  have 
their  goods  from  the  most  respectable  manufacturers,  who 
will  readily  vouch  for  the  excellence  of  their  articles. 

It  is  not  sufficiently  known,  that  most  of  the  earthenware 
sold  by  hawkers,  or  pedlars,  is  of  a  very  inferior  and  dangerous 
quality.  The  components  of  the  clay  of  which  this  common 
earthenware  is  maae,  will  not  bear  a  fair  degree  of  heat,  and 
in  addition  to  the  ware  being  short-fired  in  the  biscuit,  the 
glaze  is  too  soft  and  short-fired;  hence,  when  such  earthenware 
has  been  used  a  few  times,  the  hot  water  requisite  for  cleans- 
ing it  iirill  cause  all  its  defects  to  be  obvious,  and  ere  long  it 
becomes  so  crazed  as  to  resemble  a  rotten  substance. 

lliis  soft  and  soft-glazed  pottery  is  easily  scratched  by  a 
knife ;  oily  matters  standing  on  it  will  stain  and  render  it 
dull ;  and  vinegar,  and  other  weak  acids,  will  attack  and  dis  - 
solve  the  lead. 

The  proper  cream  colour  will,  bear  all  of  these  uninjured, 
and  so  small  a  quantity  of  lead  is  used^  that,  when  properly 
glazed,  pernicious  effects  need  not  be  apprehended. 

It  is  the  opinion  of  some  very  intelligent  potters,  that  the 

2i 
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total  rejeecion  of  lead  ifl  not  compatible  wiHi  perfectfam  in 
j^tteiy. 

The  bluie-printed  pottery  is  a  very  popular  kind,  a&d  most 
persons  who  have  seen  it  pUiced  near  the  preceding,  must 
have  remarked  that  it  ii  of  a  finer  kind^  with  a  very  decent 
tint  or  colour. 

The  best  species  is  itf  considerable  demand  for  dinner, 
dessert^  tea,  and  supper  sernces ;  while  its  cheapaeaa  has 
caused  it  to  supersede  almost  every  kind  of  ware. 

The  difference  is  caused  by  t^vo  peculiarities  \  one  in  the 
clay,  arising  from  the  employoient  of  a  greater  proportion  of 
blue  and  porcelam  clays  and  flints  f  the  other  m  the  glaze, 
from  certain  components  being  mixed  together,  and  calcined 
into  a  frit,  which  is  often  picked  and  sifted,  then  ground 
together  with  glass  and  white  laid,  and  mixed  with  certain 
proportions  of  Cornish^stone  and  flint. 

One  kind  of  this  pottery  has  its  glaze  varied  to  ciqpacilate 
k  for  enamelling.  The  blue  printed  tea-ware  has  recently 
obtained  the  name  of  Mmi-cAtna,  owing  to  its  being,  when  well' 
fired,  very  fine,  white  and  neat,  and  possessing  some  degree 
of  transparency. 

The  chalky  pottery  is  a  very  excellent  and  beautiful  kind, 
flaring  a  delicate  white  appearance,  of  fine  texture,  and  glassy 
sinoothnes».  The  nature  of  the  clay  and  the  glaze  renders  it 
very  proper  for  enamelling,  as  smalts  vtt  introduced,  in  ac- 
cordance with  the  riewB  erf  the  maker,  to  effect  the  tints. 

The  clay  is  boiled  on  a  plaster-kiln,  and  consists  of  certain 
proportions  of  porcelain,  olue  and  Welsh  days,  pulverised, 
calcined,  or  raw  flints,  Cornish-stone,  white  enamels  tinged 
with  smalts ;  and  some  persons  add  calcined  bone  and  plaster 
of  Paris.   This  ware  requires  a  most  ardent  fire  for  the  biscuit* 

The  glaae  is  composed  of  a  frit  of  glass^  Conush-stiAne, 
flint,  borax,  nitre,  ml-Iead,  potash,  Lynn  sand,  soda,  and 
eobalt  calXv  After  fritdng,  and  being  well  fire^  it  is  ground 
and  mixed  together  witii  white-lead,  glass,  flint,  and  Cornish- 
stone. 

The^e  red  pottery  is  formed  of  almost  equal  proportions 
of  yellow  brud&-clay  and  tlie  red  from  BradwaU-wood ;  an 
inferior  sort  i^  made  for  lustre- ware.  ' 

In  the  Hall-field  colliery,  east  side  of  Henley,  is  found  » 
marl,  which,  when  properly  prepared,  by  levigating  and  drying, 
will  alone  form  a  very  beautiftri  light  red,  of  four  distinct 
shades,  according  to  the  intensity  of  the  firing.  This  wa» 
discovered  by  Mr.  G.  Jones,  in  1814,  who  commenced  a  manu^i- 
iMTture  of  this  kind  of  ornamental  pottery  for  Meases.  Bumetty 
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to  be  ifaipped  to  Holland ;  trat  the  sudden  retuni  of  Na{>oleon 
from  EUmi  so  disconcerted  the  arrangements^  that  the  elder 
Mr.  Burnett  died  saddenly,  and  Jones  did  not  long  survive 
the  disappointment  he  experienced. 

The  introduction  of  ochre  will  change  the  red  to  a  brown 
colour. 

The  bamboo^  or  cane-coloured  pottery ,  is  a  very  beautiful 
kind,  employed  chiefly  for  ornamental  articles,  and  the  larger 
Vessels  of  tea-services.  It  is  never  glazed  outside,  though 
one  kind  has  the  outside  vitrified.  The  insides  of  tea-ware 
are  well  washed  with  a  liquid  which  forms,  when  fired,  a  thin 
coating  of  glass.  The  colour  varies  from  that  of  a  light 
bamboo  to  almost  a  buff:  but  the  prevalent  colour  is  nankeen* 
The  best  clay  or  body  is  formed  of  proportions  of  black  marl, 
brown  clay,  Comish-stone^  and  shavings  of  cream-coloured 
pottery. 

TYi^  jasper  pottery  was  mvented  by  Mr.  J.  Wedgwood.  It 
is  extremely  beautiM ;  and  is  formed  of  blue  and  porcelain 
clay,  Cornish-stone,  Cork-stone,  (sulphate  of  barytes,)  flinty 
and  a  little  gypsum,  tinged  with  cobdt  calx. 

The  pearl  pottery  iaa  superb  kind  for  elegant  and  tasteful 
ornaments,  and  is  so  much  valued,  that  the  workmen  are 
tisually  locked  up,  and  employed  onlv  on  choice  articles.  The 
components  of  die  day  are  blue  and  porcelain  clay,  Cornish- 
stone,  a  little  glass,  and  red-lead.  Thia  forms  the  best  body 
for  apothecaries'  mortars  i  but  it  is  more  expensive,  and  more 
durable,  than  the  comm<Mi  mortar  body. 

The  black  Egyptian  pottery  is  now  so  very  popular  for 
tea-services,  that  few  persons  are  ignorant  of  what  is  meant 
by  this  denomination.  Its  components  are  cream-coloured  slip^ 
manganese,  and  ochre ;  sometimes  glazed  with  lead,  Cornish- 
stone,  and  flint;  and  the  inside  is  washed  with  white-lead, 
flint,  and  manganese.  It  was  the  custom  formerly  to  grease 
the  outside  witii  butter  or  suet,  to  give  it  a  bright  appearance. 

The  odireous  material  is  obtained  from  ^e  water  that  is 
pumped  out  of  the  collieries.  This  water  is  carried  along  , 
channels  in  which  are  placed  small  weirs,  to  afford  an  oppor-' 
tunity  for  the  precipitation  of  the  sediment.  When  a  suflident 
quantity  has  accumulated,  the  water  is  diverted^  the  weirs 
are  emptied,  and  the  thick  fluid  is  thrown  into  small  pools, 
called  sun-pans,  whence  the  moisture  is  eviqporated  by  the 
solar  heat.  TUs  substance  is  afterwards  burned  with  small- 
coal,  which  renders  it  proper  for  use. 

The  unpleasantness  of  the  grease,  requisite  to  give  bright- 
ness to  the  black,  having  been  a  subject  of  general  complsont^ 

2i2 
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Meisgrff.  Riley,  of  Burslexn,  were  induced  to  attempt  to  macA^ 
it ;  the  result  of  which  was,  the  inventkm  of  a  new  bla» 
porcelain,  with  a  bright  burnished^  vitreaoent  appearance^ 
superior  to  any  other  kind  of  diy-body  pottery.  It  never 
imbibes  dust,  or  absorbs  moisture';  and  it  can  be  cleaned  with 
water  equally  as  well  as  the  finest  porcelain^  and  always  retainss 
the  appearance  of  a  beautiful  black  corak 

The  drab  pottery  is  useful  for  articles  which  r^uii^  strengtb 
to  be  luited  to  ornament,  as  flower-pots,  water-jugs,  &c. 
It  is  formed  of  blue,  porcelain,  and  Bradwall-wood  clays, 
Cornish-stone,  and  black  marl,  mixed  with  nickel ;  one  kind 
is  made  of  turners'  shavings  of  cream-coloured  ware  made 
into  slip,  and  mixed  with  nickel.  The  inside  is  rendered 
white  by  a  wash  of  slip,  flinty  and  poneelitin  clay^ 

K  has  for  some  time  been  usual  for  ladies  of  taste  and 
acquirements  in  the  fine  arts,  to  purchase  porcelain  in  its 
glazed  state,  for  the  exercise  of  their  taienta  and  ingenuity 
in  ornamenting  their  own  tea-eervioes.  This  very  pleasing 
Amusement  is  often  aided  b^  manufacturers,  who  readily 
afford  every  assistance  in  theur  power  to  faoilitate  the  easy 
enamelling  of  such  services ;  they  supply  proper  minend 
colours,  and  the  rectified  oil  of  amber,  for  die  best  purposes, 
and  the  best  oil  of  turpentine  for  others ;  and  they  attend  to 
the  proper  firings  of  the  enamel^  bumidi  the  gold^  and  dreea 
off  the  whole  for  the  table. 

The  different  combinations  of  materials  appear  to  be  of 
kss  importance  in  the  fabrication  of  good  pottery,  than  due 
ifegard  to  well-determined  proportions.  All  days  have  some 
proportions,  more  or  less,  of  metallic  matter,  which  cause 
great  difference  in  their  appearance,  and  the  effects  produced 
on  them  by  fire.  All  clays  vary,  in  colouring  according 
to  the  ardency  of  the  fills ;  hence  the  oven-man's  greatest  care 
is^  to  place  the  saggars  in  the  most  approiniate  parts^ 

The  chief  ingredients  are  day  and-  flint;  for  no  pottery 
will  be  perfect  unless  made  of  suitable  clay,  with  a  definite 
proportion  of  flint.  The  great  difficulty*  is  to  unite  beauty 
and  goodness  in  the  same  composition.  If  too  much  flint  be 
used,  the  pottery,  after  being  firedy  will  crack  on  exposure  to 
the  air ;  and  if  too  little,  the  gfaoe  ^ill  not  be  retained  on  it 
after  firing.  Every  kind  of  clay  that  is  dried  alone  will  crack; 
for  if  pure  argiUaeeous  earth  be  made  suffidently  soft  to  be 
wrought  on  the  potter's  wheel,  it  will,  whUe  drying,  shrink 
one  inch  in  twelve,  which  vrill  inevitably  cause  it  to  craae. 

Pure  clay  (alumina)  is  always  opaque,  and  the  flint  (silica) 
adways  transparent  f  but  both  are  prepared  pvevioosly  ta 
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bang  Mfied*  Alumina  will  unite  with  silica  ui  the  humid 
way,  and  form  a  paste,  which,  when  dry,  will  residl  decomr 
position  by  atmospheric  affection. 

JBUperienced  manu£eu:turers  know  that  they  can  easily 
compound  clays  which  will  fire  very  white,  be  beautifully 
senu-transparent  for  porcelain,  and  bear  to  be  covered  with  a 
shining  glaze ;  but  they  will  prove  deficient  in  tenacity  for 
working,  want  proper  compactness  and  density,  break  by 
sudden  applications  of  heat  and  cpld,  and  the  glaze,  because 
too  soft,  will  crack,  become  rough,  and  lose  its  lustre.  Again, 
they  compound  clays  which  have  suitable  tenacity  for  working, 
become  very  hard  and  dense  without  fusing  by  being  fired, 
sustain,  uninjured,  sudden  changes  of  excess  of  temperature, 
and  are  yet  deficient  in  the  requisite  whiteness,  fineness  of 
texture,  beauty,  and  transparency.  Some  days  of  this  descrip- 
tion are  manufactured. 

Having  proceeded  thus  &r,  the  reader  may  feel  surprised 
that  we  have  not  accompanied  our  observations  vrith  recipes 
for  thjs  nutnufacture  of  the  several  kinds  of  pottery,  as  is  cus- 
tomary  in  works  of  this  description ;  but  these,  we  can  assure 
him,  are,  as  &r  as  we  have  seen,  erroneous ;  and,  indeed,  the 
manu&cturers  are  so  very  silent  upon  this  head,  that  the 
exact  proportions  of  the  components  of  bodies,  glazes,  and 
.colours,  cannot  easily  be  obtained.  We  shall  tiierefore  con* 
elude  this  article  by  stating,  that  the  district  called  '^  the 
Potteries,'-  is  an  extensive  tract  of  country  in  the  hundred 
of  North  Pyrehill  and  county  of  Stafford,  comprehending  an 
,area  of  about  eight  miles  long,  and  six  broad ;  and  tli^t  the 
principal  towns  and  hamlets  contained  within  the  limits  of 
,the  Pottery  are  Stoke,  Henley,  Shelton,  Golden-hiU,  New- 
field,  Smith-field,  Tunstall,  Long-port,  Burslem,  Ck>bridge, 
JBtruria,  Lune-£nd,  Lower  Lune,  and  Lune-DeUt^ 
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HOROLOGY 

In  thie  early  ages^  time  was  measured  either  by  the  sun* 
dial  or  clepsydra;  in  the  former^  by  the  shadow  of  a  wire,  or 
of  the  upper  edge  of  a  plane,  erected  perpendiculariy  on  the 
dial,  £Edlmg  upon  certun  lines  meant  to  indicate  the  hour;  in 
the  latter,  by  the  escape  of  water  from  a  vessel  through  a 
small  orifice,  which  vessel  had  certain  marks  upon  it  to 
show  the  lim?  the  vessel  was  discharging. 

These  modes  are  now  superseded  by  the  use  of  clocks, 
watches,  and  chronometers,  which  indicate  time  by  the  move** 
ment  of  machinery. 

Under  this  general  head  of  Horology,  therefore,  we  propose 
to  treat  of  the  structure  of  the  seversd  kinds  of  machines  now 
used  for  the  exact  measurement  of  time ;  in  doing  which,  the 
article  will  of  necessity  be  divided  into  three  sub-heads, 
Clocks,  Watches,  and  Chronometers ;  and  to  them  will  be 
annexed  two  others,  treating  of  some  of  the  best  kinds  of 
|>endulums  and  escapements^ 

CLOCKS, 

Clocks  are  certain  machines,  constructed  in  such  a  manner, 
>and  so  regulated  by  the  uniform  action  of  a  pendulum^  as  to 
measure  time,  in  larger  or  smaller  portions,  with  great  exacts 
pess 

Fig.  489  represents  the  profile  of  a  clock.  P  is  a  veight  suspended  by  a 
rope  that  winds  about  the  cylinder  or  barrel  C,  which  is  fixed  upon  the  axis 
#10;  the  piTOts  bbgo  into  holes  made  in  the  plates  XS,  T  S,  in  which  they 
turn  freely*  These  plates  are  made  of  brass  or  iron,  and  are  connected  by 
means  of  four  pillars  Z  Z,  and  the  whole  together  is  called  the  firame. 

The  weight  P,  if  not  restrained,  would  necessarily  torn  the  barrel  C  with 
an  uniformly  accelerated  motion,  in  the  same  manner  as  if  the  'Weight  were 
falling  freely  from  a  height;  but  the  barrel  is  furnished  with  a  ratchet-wheel 
X  Ry  the  right  sides  of  whose  teeth  strike  against  the  click,  which  is  fixed 
with  a  screw  to  the  wheel  D  D,  as  represented  in  fig.  490,  so  that  the  action 
of  the  weight  is  communicated  to  the  wheel  D  D,  the  teeth  of  which  act 
upon  the  teeth  of  the  small  wheel  d,  which  turns  upon  the  pivots  c  e.  The 
communication  or  action  of  one  wheel  with  another  is  called  the  pitching  ; 
a  small  wheel  like  d  is  called  a  ptmon,  and  its  teeth  the  ieav«t  of  the  pinion. 
Several  things  are  requisite  to  form  a  good  pitching,  the  advantages  of  which 
are  obvious  in  all  mwfliinery  where  teeth  and  pinions  are  employed.  The 
teeth  and  pinion4eaves  should  be  of  a  proper  shape,  and  perfectly  equal 
among  themselves ;  the  size  also  of  the  pinion  shoula  be  of  a  just  proportion 
to  the  wheel  acting  upon  it;  and  its  place  must  be  at  a  certain  distance 
from  the  wheel,  beyond  or  within  which  it  will  make  a  bad  pitching. 

The  wheel  E  £  is  fixed  upon  the  axis  of  the  pinion  d;  and  the  motion 
commmiica^ed  fo  the  wheel  U  D  by  the  weight  is  transmitted  to  the  pinion 
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4;  eouKtetteaUj  to  Iht  wbed  £  £,  at  likewise  to  the  ulnion  t^  and  wheel 
JP  F,  whidi  moTOs  the  pinion^  upon  the  axis  of  which  the  crown  or  balance 
wrheel  G  H  is  fixed.  The  pivots  of  the  pinion/ play  in  holes  of  the  plates 
LMy  which  are  fixed  honzontally  to  the  plates  TS.  In  short,  the  motion 
begun  by  the  weight  is  transmitted  from  the  wheel  O  H  to  the  paUets  I K, 
«nd  by  means  of  Sie  fi>rk  UX,  riTBtted  on  the  pidlets,  communicates  motion 
to  the  pendnbim  A  B,  which  is  suspended  ufxm  the  hook  A.  The  pendulum 
A  B  describes,  round  the  point  A,  an  arc  of  a  circle,  alternately  going  and 
returning ;  i^  therefore,  the  pendulum  be  once  put  in  motion  bv  a  push  of 
the  hand,  the  weight  at  B  will  make  it  return  upon  itself,  and  it  will  -contiiNit 
to  go  alternately  backward  and  forward  till  die  resistanee  at  the  air  upon 
the  pendulum,  and  the  fnction  at  the  point  of  suspension  at  A,  destroys  the 
oiigmally  impressed  force.  Bat  as,  at  erery  vibration  of  the  pendulum,  ti>e 
teeth  of  the  balance-wheel  G  H  act  so  upon  the  pallets  I K,  (the  pivots  upon 
the  axis  of  these  pallets  play  in  two  holes  of  the  potence  t  f ,)  that  after  one 
tooth,  H,  has  communicated  motion  to  the  pallet  K,  that  tooth  escapes, 
then  the  opposite  tooth,  G,  acts  npon  the  pallet  I,  and  escapes  in  the  same 
manner;  and  thus  each  tooth  ot  the  wheel  escapes  the  pallets  I K,  after 
having  conmiunicated  their  motion  to  the  pallets  in  such  a  manner  that  the 
pendulum,  instead  of  being  stopped,  continues  to  move. 

The  wheel  £  £  revolves  in  an  hour.  The  pivot  e  of  the  wheel  paases 
through  the  plates,  and  is  continued  to  r;  upon  the  pivot  is  a  wheel  N  N, 
ivith  a  long  socket  &stened  in  the  centre ;  upon  the  extremity  of  this  socket, 
r,  the  minute-hand  is  fixed.  The  wheel  N  N  acts  upon  the  wheel  O,  the 
pinion,  p,  of  which  acts  upon  the  wheel  g  g,  fixed  upon  a  socket  which 
turns  along  with  the  wheel  R.  The  wheel  gg  makes  its  revolutions  in 
twelve  hours,  upon  the  socket  x>f  which  the  hmir-hand  is  fixed. 

From  the  foregoing  descriplioii  it  is  evident^  first,  that  tht 
weight  P  turns  ftU  the  wheels^  and  at  the  same  time  continues 
the  motion  of  the  pendulum ;  secondly,  that  the  quickness  of 
the  motion  of  theVheels  is  determined  by  that  of  the  pen- 
dulum; and  thisdly,  that  the  wheels  point  out  the  parts  of  time 
divided  by  the  umform  motion  of  the  pendulum. 

When  the  cord  from  which  the  weight  is  suspended  is 
isntirely  run  dowa  from  off  the  barrel,  it  is  wound  up  again  by 
means  of  a  key,  which  goes  on  the  square  end  of  the  Arbor 
at  Q,  by  turning  it  in  a  contrary  direction  from  that  in  which 
the  weight  descends.  For  thia  purpose,  the  inclined  side  of  the 
teeth  of  the  wheel  R^  fig.  490,  removes  the  click  C,  so  that 
the  ratchet-wheel,  K,  tuma  while  the  whe(sl  D  is  at  rest ;  but 
as  soon  as  the  cord  is  wound  up,  the  dick  fiiUs  in  between 
the  teeth  of  the  wheel  D,  and  the  right  side  of  the  teeth 
again  act  upon  the  end  of  the  click,  which  obliges  the  ^riieel 
D  to  turn  along  with  the  barrel,  and  the  spring  A  keeps  the 
click  between  the  teeth  of  the  ratahet-^wheel  R. 

We  shall  now  explain  liow  time  is  measured  by  the  pen- 
dulum ;  and  how  the  wheel  £,  upon  the  axis  of  which  the 
minute-hand  is  fixed,  makes  but  one  precise  revolution  in  an 
hour.  The  vibrations  of  a  pcmhilum  are  performed  in  a 
Sorter  ofc  longer  time  in  proportion  to  the  length  of  the  pep* 
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dtdom  itself.  A  pendoliun  <tf  3  feet  8^  French  lines  in  lengtli 
xndLes  3,600  vibrations  in  an  hour,  that  is,  ea<?h  Tibration  is 
performed  in  a  second  of  time,  and  for  that  reason  it  is  called 
a  seconds  pendulum  ;  but  a  pendulum  of  9  inches  2^  French 
lines  makes  7^200  vibrations  in  an  hour,  or  two  vibrations  b 
a  second  of  time,  and  is  called  a  half-second  pendulunt, 
Hence^  in  constructing  a  wheel  whose  revolution  must  be 
performed  in  a  given  time,  the  time  of  the  vibrations  of 
the  pendulum,  which  reg^ulates  its  motion,  must  be  consi- 
dered.    Supposing,  then,  that  the   pendulum  A  B  makes 
7^200  vibrations  in  an  hour,  let  us  consider  how  the  wheel  £ 
shall  take  up  an  hour  in  making  one  revolution.  This  entirely 
depends  on  the  number  of  teeth  in  the  wheels  and  pinions. 
If  the  balance-wheel  consists  of  30  teeth,  it  will  turn  once  in 
the  time  that  the  pendulum  makes  60  vibrations ;  for  at  everv 
turn  of  the  wheel,  the  same  tooth  acts  once  on  the  pallet  l^ 
and  once  on  the  pallet  K,  which   occasions  two  separate 
vibrations  in  the  penduliun  ;  and  the  wheel  having  30  teeth, 
\t  occasions  twice  30  or  60  vibrations.     Consequently^  this 
wheel  must  perform  120  revolutions  in  an  hour,  because  60 
vibrations,  which  it  occasions  at  every  revolution,  are  con- 
tained 120  times  in  7yi00,  the  number  of  vibrations  performed 
by  Ae  pendulum  in  an  hour. 

la  ordet  to  determiae  the  number  of  teeth  for  th^  wheels  £  F,  and 
the  pinions  ef,  it  must  be  remsMrked,  Uiat  one  revolution  of  the  wheel  £ 
must  turn  the  pinion  e  os  many  times  as  the  number  of  teeth  in  the  pinions 
is  contained  in  the  number  ot  teeth  in  the  wheel.  Thus,  if  the  wheel  £ 
contains  72  teeth,  and  the  pinion  e  sist,  the  pinion  will  make  13  renrolutions 
in  the  time  that  the  wheel  makes  one;  for  eajch  tooth  of  the  wheel  drives 
forward  a  tooth  of  the  pinion,  and  when  die  six  teeth  of  the  pinion  are 
moved,  a  complete  revolution  is  performed;  but  the  wheel  E  has  by  that 
time  only  advanced  six  teeth,  and  has  still  66  to  advance  before  its  revolu- 
tion be  completed,  which  will  occasion  11  more  revolutions  of  the  pinion. 
For  the  same  reason,  the  wheel  F  having  60  teeth,  and  the  pinion/  six,  the 
pinion  wiU  make  10  revolutions  while  the  wheel  performs  one.  Now  the 
wheel  F,  being  turned  by  the  pinion  e,  makes  12  revolutions  for  one  of  the 
wheel  £;  and  the  pinion  /  makes  10  revolutions  for  one  of  the  wheel  F ; 
consequently  the  pmion/  performs  10  times  12,  or  120  revolutions  in  the 
time  the  wheel  E  performs  one.  But  the  wheel  G,  which  is  turned  by  the 
pinion/,  occasions  ^  vibrations  in  the  pendulum  each  time  it  turns  round; 
consequently,  the  wheel  G  occasions  60  times  120,  or  7,200  vibrations  of 
the  pendulum,  while  the  wheel  performs  one  revolution ;  but  7,200  is  the 
humoer  of  vibrations  made  by  the  pendulum  in  an  hour,  and  consequently 
the  wheel  E  performs  but  one  revolution  in  an  hour ;  and  so  of  the  rest. 

From  this  reasoning,  it  is  easy  to  discover  how  long  a  clock 
may  be  made  to  go  for  any  length  of  time  without  winding 
up;  1.  by  increasing  the  number  of  teeth  in  the  wheels; 
2.  by  diminishing  the  number  of  teeth  in  the  pinions  ;  3«  by 
increasing  the  length  of  cord  that  suspends  the  weight; 
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4.  by  inereasilig  the  length  of  the  pendulum ;  and  5.  by 
adding  to  the  number  of  the  wheels  and  pinions.  But,  in 
proportion  as  the  time  is  augmented^  if  the  weight  continues 
the  same,  the  force  which  it  communicates  to  the  last  wheel, 
G  H,  will  be  diminished. 

It  only  now  remains  for  us  to  take  notice  of  the  number  of 
teeth  in  the  wheels  which  turn  the  hour  and  minute  hands. 
The  wheel  £  performs  one  revolution  in  an  hour ;  the  wheel 
tin,  which  is  turned  by  the  axis  of  the  wheel  £,  must  like- 
wise make  only  one  revolution  in  the  same  time ;  and  the 
minute-hand  is  fixed  to  the  socket  of  this  wheel.  The  wheel 
N  has  30  teeth,  and  a^s  upon  the  wheel  O,  which  has  like- 
wise 30  teetbj  and  the  same  diameter;  consequently  the 
wheel  O  takes  one  hour  to  a  revolution.  Now  the  wheel  O 
carries  the  pinion  p,  which  has  six  teeth,  and  which  acts  upon 
the  wheel  ^g,  of  72  teeth  ;  consequently  the  pinion  p  makes 
12  revolutions  while  the  wheel  ^^  makes  one,  and  of  course 
the  wheel  gg  takes  12  hours  to  one  revolution ;  and  upon 
the  socket  of  this  wheel  the  hour-hand  is  fixed*  All  thai  has 
been  here  stated  concerning  revolutions  is  equally  applicable 
to  watches  as  to  docks. 

Clock-work,  properly  so  called,  is  that  part  of  the  move-^ 
ment  which  stipes  the  hours,  &c.  on  a  bell ;  in  contradis* 
tinction  to  that  part  of  the  movement  of  a  dock  or  watcl| 
which  is  desired  to  measure  and  exhibit  the  time  on  a  dial- 
plate,  and  which  is  termed  watch^work. 

Fig.  491  represents  the  clock  part.  H  is  the  first  or  great  wheel,  moved 
by  means  of  the  weight  or  spring  at  the  barrel  G.-  In  16  or  34  hour  docks, 
this  wheel  has  usually  pins,  and  is  caUed  the  pht-wkteh  and  in  eight-day 
pieces,  the  second  wheel,  I,  is  commonly  the  pin-wheel,  or  striking-wheel, 
and  is  moved  by  the  former.  Next  the  striking-wheel  is  tlie  detent-wheel, 
or  hoop-wheel,  K,  having  a  hoop  almost  round  it,  wherein  is  a  vacancy  at 
which  the  clock  locks.  The  next  is  the  third  or  fourth  wheel,  according  to 
its  disUnce  from  the  first,  called  the  wammg-wheel^  L.  The  last  is  the 
flying-pmion,  Q,  vnth  a  fly  or  fan,  to  gather  air,  and  so  bridle  the  rapidity 
of  the  clock's  motion.  To  these  must  be  added  the  pinion  of  report,  which 
drives  round  the  locking-wheel,  called  also  the  eouni-ufhBei,  which  has,  in 
genera],  eleven  notches,  placed  at  une(|ual  distances,  to  make  the  clock 
^ke  the  hours. 

Besides  the  wheels,  to  the  dock  part  belongs  the  rash  or  ratch,  which  is  a 
kind  of  wheel  with  twelve  large  &ng8,  running  concentrical  to  the  dial-wheel, 
and  serving  to  lift  up  the  detents  every  hour,  and  make  the  clock  strike ; 
the  detents,  or  stops,  vrhidi  being  lifted  up  and  let  fidl,  lock  and  unlock  the 
dock  in  striking ;  the  hammer,  as  S,  vrhicn  strikes  the  bell  R ;  the  hammsr- 
tails,  asT,  by  which  the  striking-pins  draw  bade  the  hammen;  latches, 
whereby  the  work  is  lifted  up  and  unlocked ;  and  lifting^ieoes,  as  F,  which 
lift  up  and  unlock  the  detents. 

We  riiall  now  proceed  to  give  a  description  of  an  iiigenioi^s 
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dock,  contiiTed  by  the  late  Dr.  FrankUn^  of  PhOaddjilua, 
that  showed  the  hoim,  minutes,  and  seoondsy  with  only  tbne 
wheels  and  two  pinions  in  the  whole  movement. 

The  dkl-ulate  of  this  dock  is  represented  hj  fig.  499.  Hie  koars 
are  engraTea  in  spirtl  places,  along  two  diuneCen  of  a  cude,  ooataining 
firar  times  60  minutes.  The  index  A  goes  round  in  lour  hours^  and  coanta 
the  minutes  fimm  any  hour  it  has  passed  by  to  the  next  following  hours^ 
The  time  as  appears  in  the  figure  is  either  32|  minutes  past  12,  or  past  A, 
or  past  8 ;  and  so  on  in  each  qjuarter  of  the  drcle,  pomting  to  the  number  of 
minutes  after  the  hours  the  mdex  last  left  in  its  motion.  Now,  as  one 
can  hardly  be  four  hours  mistaken  in  estimating  the  time,  he  can  always 
tell  the  tnie  hour  and  minute  by  looking  at  the  dock,  fit>m  the  time  ha 
rises  till  the  time  he  goes  to  bed.  Hie  small  hand  B,  in  the  arch  at  top,  goes 
round  once  in  a  minute,  and  shows  the  seconds  as  in  a  common  dod^. 

Fig.  493  shows  the  whed-woik  of  the  clock.  A  is  the  first  or  great 
whed ;  it  contains  160  teeth,  goes  round  in  four  hours,  and  the  index  A 
(fig.  492)  is  put  upon  its  axis,  and  mored  round  in  the  same  time.  Tha. 
hole  in  the  index  is  round ;  it  is  put  tight  upon  the  round  end  of  the  aus, 
so  as  to  be  carried  by  the  motion  of  the  wheel,  but  may  be  set  at  any  time 
to  the  proper  hour  and  minute,  without  affecting  either  the  wheel  or  its  axis. 
This  wheel  of  160  teeth  turns  a  pinion,  B,  of  ten  leafes ;  and  as  10  is  but 
a  sixteenth  part  of  160,  the  pinion  goes  round  in  a  quarter  of  an  hour.  On 
the  axis  of  this  pinion  is  the  wheel  C  of  120  teeth ;  it  also  goes  round  in  a 
quarter  of  an  hour,  and  turns  a  pinion  D,  of  eight  leaves,  round  in  a 
minute;  for  there  are  15  minutes  in  a  quarter  of  an  hour,  and  8  times 
15  is  120.  On  the  axis  of  this  pinion  is  me  second-hand  B,  (fig.  492,  and 
also  the  common  wheel  £,  fig.  493,  of  30  teeth,  for  moring  a  pendulum  (by 
pallets)  that  Tibcates  seconds,  as  in  a  coounon  dock. 

This  clock  is  not  designed  to  be  wound  up  by  a  winchj 
but  to  be  drawn  up  like  a  clock  that  goes  only  thirty  hours. 
For  this  purpose,  ^e  line  must  go  over  a  pulley  on  the  axia 
of  the  great  wheel,  as  in  a  common  thirty-hour  clock. 

One  inconvenience  attending  this  clock'  is,  that  if  a  person 
wake  in  the  night,  and  look  at  the  clock,  he  may  possibly  be 
mistaken  in  the  four  hours,  in  reckoning  the  time  by  it^  as 
•the  hand  cannot  be  upon  any  hour,  or  pass  by  any  hour, 
without  being  upon,  or  passing  by,  four  hours  at  the  same 
time.  In  order,  therefore,  to  avoid  this  inconvenience,  the 
ingenious  Mr.  Ferguson  contrived  the  following  method. 

In  fig.  494,  the  dia^)late  of  such  a  clock  is  represented ;  in  which  there 
is  an  opening, abcd^  below  the  centre.  Through  this  opening,  part  of  a  flat 
plate  i^pears,  on  which  the  12  hours  are  enffiaTea,  and  divided  into 
quarters.  This  plate  is  contiguous  to  the  back  of  the  dial-j»late,  and  turns 
nmnd  in  12  hours ;  so  that  ttie  true  hour  or  part  thereof  appears  in  the 
middle  of  the  opening,  at  the  point  of  an  index.  A,  which  is  engraved  on 
the  fiiee  of  the  diaUpUte.  B  is  the  minute-hand,  as  in  a  common  clock, 
going  round  through  all  the  60  minutes  on  the  dial  in  an  hour ;  and  in  that 
time,  the  plate  seen  through  the  opening  abed  shifts  one  hour  under  the 
fixt,  engraven  index  A.  By  these  means  the  hour  and  minute  may  be 
always  known  at  whatever  time  the  dial-plate  is  viewed.  In  this  plate  is 
another  opening,  efgk^  through  whidi  the  seconds  ara  seen  on  a  fiat 
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movable  ring,  almost  contiguous  to  the  back  of  the  diaUplate,  and  as  tte 
ring  turns  roand,  the  seconds  upon  it  are  shown  by  the  top  point  of  a 
fleuiMle-tis  C,  engraved  on  the  foce  of  the  dial-plate. 

Fig.  495  lenrmnts  the  wheels  and  pinions  in  this  clock.  A  is  the  first 
or  great  wheel;  it  contains  120  teeth,  and  turns  round  in  12  hours.  On 
its  axis  is  the  plate  on  which  the  12  hours  above-mentioned  are  engraved. 
This  plate  is  not  fixed  on  the  axis,  but  is  only  put  tight  upon  a  round  part 
thereof,  so  that  any  hour,  or  part  of  an  hour,  may  be  set  to  tiie  top  of  the 
fixed  index  A,  fig.  494,  without  afi'ccting  the  motion  of  the  wheel.  For  this 
purpose,  twelve  small  holes  are  drilled  through  the  plate,  one  at  each  hour, 
among  the  quarter  divisions :  and  by  putting  a  pin  into  any  hole  in  view, 
the  plate  may  be  set,  without  a^cting  any  part  of  the  wheeUwork.  This 
ereat  wheel  A,  of  1 20  teeth,  turns  a  pinion  B^  of  ten  leaves,  round  in  an 
hour;  and  the  minute-hand  B,  fig.  494,  is  on  Uie  axis  of  this  pinion,  the 
end  of  the  axis  not  being  square  but  round,  that  the  minute-hand  may  be 
turned  occasionally  upon  it  without  affecting  any  part  of  the  movement. 
On  the  axis  of  the  pinion  B  is  a  wheel  C  of  120  teeth,  turning  round  in 
an  hour,  and  turning  a  pinion  D,  of  six  leaves,  in  three  minutes ;  for  three 
minutes  is  a  twentieth  part  of  an  hour,  and  d  is  a  twentieth  part  of  120. 
On  the  axis  of  this  pinion  is  a  wheel  £  of  90  teeth,  going  round  in  three 
minutes,  and  keeping  a  pendulum  in  motion  that  vibrates  seconds,  by 
pallets,  as  in  a  common  clock,  where  the  pendulum-wheel  has  only  30  teeth, 
and  goes  round  in  a  minute.  But  as  this  wheel  goes  round  only  in  three 
minutes,  if  it  be  wanted  to  show  the  seconds,  a  &n  plate  must  be  divided 
into  3  times  60,  or  180  equal  parts,  and  numbered  10,  20,  30,  40,  50,  60 ; 
10,  20,  30,  40,  50,  60;  10, 20,  30,  40,  50,  60;  and  fixed  i4)on  the  same 
axis  with  the  wheel  of  90  teeth,  so  near  the  back  of  the  dial-plate,  as 
only  to  tura  round  without  touching  it :  and  these  divisions  will  show  the 
seconds  through  the  opening  efg  h  in  the  dial-plate,  as  they  slide  gradually 
round  below  £e  point  of  the  &Led  fleur-de-lis  C. 

As  the  great  wheel  A^  and  pulley  on  its  axis,  over  which 
the  cord  goes,  (as  in  a  common  tnirty-hour  dock,)  turns  round 
only  once  in  twenty-four  hours,  this  clock  will  go  a  week  with 
a  cord  of  common  length,  and  always  have  the  true  hour,  or 
part  of  that  hour,  in  sight  at  the  upper  end  of  the  fixed  index 
A  on  the  dial-plate. 

,  There  are  two  ad*/antages  which  Mr.  Feiguson's  clock  has 
beyond  Dr.  Franklin's  :  but  it  has  two  disadvantages  of  which 
his  clock  is  free.  For  in  this,  although  the  twelve-hour  wheel 
turns  the  minute  index  B,  yet  if  that  index  be  turned  by  hand 
to  set  it  to  the  proper  minute  for  any  time,  it  will  not  move 
the  twelve-hour  plate  to  set  the  corresponding  part  of  the 
hour  even  with  the  top  of  the  index  A :  and  therefore,  after 
having  set  the  minute  index  B  right  by  hand,  the  hour-plate 
must  be  set  right  by  means  of  a  pin  put  into  the  small  hole 
in  the  plate  just  below  the  hour.  It  is  true  there  is  no  great 
disadvantage  in  this ;  but  the  pendulum -wheel  having  ninety 
teeth  instead  of  the  common  number  thirty,  may  probably 
make  some  difference  to  the  acapement,  on  account  of  the 
smallness  of  the  teeth ;  and  it  is  certain  that  it  will  cause,  the 
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pendiiliim^^ball  to  describe  but  small  arcs  in  its  vibrations* 
Some  men  of  science  think  small  aics  are  best;  but  where* 
fore  we  luiow  not.  For  whether  the  ball  describes  a  laq^e  or 
fi  small  arc^  if  the  arc  be  nearly  cycloidal,  the  Tibrations  will 
be  performed  in  equal  times ;  the  time  therefore  will  depend 
^entirely  on  the  length  of  the  pendulum-rod,  not  on  the  length 
of  the  arc  the  ball  describes.  The  larger  the  arc  is^  the 
greater  the  momentum  of  the  ball;  and  the  greater  the 
momentum  is,  the  less  will  the  time  of  the  vibrations  be 
affected  by  any  unequal  impulse  of  the  pendulum*  wheel  upon 
thejpallets. 

Tiie  greatest  objection  to  Mr.  Ferguson's  clodk  is,  that 
the  weight  of  the  flat  ring  on  which  the  seconds  are  engraved^ 
will  load  the  pivots  of  the  axis  of  the  pendulum-wheel  with  a 
great  deal  of  friction,  which  ought  by  all  possible  means  to 
be  avoided ;  and  yet  one  of  these  clocks,  recently  made,  goes 
very  well,  notwithstanding  the  weight  of  this  ring.  This 
objection,  however,  can  easily  be  remedied  by  leaving  it  out; 
for  seconds  are  of  very  litde  use  in  common  clocks  not  made 
for  astronomical  observations;  and  table  clocks  never  have 
them. 

Having  thus  described  this  dock,  we  shall  next  proceed  to 
^ve  a  description  of  a  clock,  by  the  same  ingenious  mechanic^ 
SOT  showing  the  apparent  diuly  motions  of  the  sun  and  moou^ 
the  age  and  phases  of  the  moon,  with  the  time  of  her  coming 
io  the  meridian,  and  the  times  of  high  and  low  water,  by 
having  only  two  wheels  and  a  pinion  added  to  the  common 
movement. 

4fr.  Ferguson's  clock  for  exhibiting  the  apparent  daily 
motions  of  the  sun  and  moony  and  state  of  the  tides,  ^c. 

The  dial-plate  of  this  clock  is  represented  by  fig.  496.  It  opntains  «11 
4he  twenty-four  hours  of  the  day  ana  night.  S  is  we  sun,  which  serves  as 
an  hour  index,  by  going  round  the  dialrpUoe  in  twenty-four  hours ;  and  B£ 
is  the  mo«n,  which  ffoes  round  in  twenty-four  hours  fifty  minutes  and  a 
hali^  fit>m  any  point  m  the  hour  circle  to  the  same  point  again,  whidi  is 
equal  to  the  time  of  the  moon's  going  round  in  the  heavens,  from  the 
meridian  of  any  place  to  the  same  meridian  again.  The  sun  is  fixed  to 
a  circular  plate,  as  fiff .  497,  and  carried  round  by  the  motion  of  the  plate, 
on  which  the  twenty-rour  hours  are  engraven,  and  within  them  is  a  cirdie 
divided  into  twenty-nine  and  a  half  equal  parts  for  the  days  of  the  moon's 
age,  accounted  from  the  time  of  any -new  moon  to  the  next  after ;  and 
^ch  day  stands  directly  under  the  time  (in  the  twoity-four  hour  cirde) 
of  the  moon's  coming  to  the  meridian,  th0  twelve  under  the  sun  standii^ 
for  mid-day,  and  the  opposite  twelve  for  mid-niffht.  Thus,  when  the  moon 
}s  eight  da3rs  old,  she  comes  to  the  meridian  at  half  an  hour  past  six  in  fiie 
afternoon ;  and  when  she  is  sixteen  days  old,  she  comes  to  the  meridian  ai 
one  o'clock  in  the  morning.  The  moon  -M,  fig.  496,  is  fixed  to  another 
circular  plate,  of  the  same  diameter  with  that  which  carries  the  sun;  aiyd 
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tfiis  nio6i]f^<^kte  tutna  round  in  twenty«foar  hours  fifty  minutes  and  a  hM 
It  is  cnt  open,  so  as  to  show  some  of  the  hours  and  days  of  the  moon's 
age ;  on  the  pLate  below  it  that  carries  the  sun,  and  across  this  opening  at 
«  and  b  are  two  short  pieces  of  small  wire  in  the  moon-plate.  Ine  wire  a 
shows  the  day  of  the  moon's  age,  and  time  of  her  coming  to  the  meridian^ 
on  die  plate  below  it  that  carries  the  sun ;  and  the  wire  b  shows  the  time  of 
high  water  for  that  day,  on  the  same  plate.  These  wires  must  be  placed  as 
&r  from  one  another,  as  the  time  oi  the  moon's  coming  to  the  'meridiaik 
differs  from  the  time  of  high-water  at  the  place  where  the  dock  is  intended 
to  serve.  At  London-bridge  it  is  high  water  when  the  moon  is  two  hours 
and  a  half  past  the  meridian* 

Above  this  plate  that  carries  the  moon,  there  is  a  fixed  plate  N,  supported 
by  a  wire  A,  tne  upper  end  of  which  is  fixed  to  that  plate,r  and  the  lower 
end  is  bent  to  a  right  angle,  aiid  fixed  into  the  dial^plate  at  the  lowermost 
or  midnight  twelve*  This  plate  may  represent  the  earth,  and  the  dot  at  Ly 
Loudon,  or  any  other  place  at  which  the  clock  is  designed  to  show  the 
times  of  high  and  low  water/ 

Around  this  plate  is  an  elliptical  shade  upon  the  plate  that  carries  the 
moon  M :  the  lughest  points  of  this  shade  are  marked  High  Water  and  the 
kywest  points  Low  Water :  as  this  plate  turns  round  below  the  fixed  plate  N, 
the  hign  and  low  water  points  come  successively  even  with  L,  and  stand 
just  over  it  at  the  times  when  it  is  high  or  low  water  at  the  given  place  ; 
which  times  are  pointed  out  by  the  sun  S,  among  the  twenty -four  hours  oi» 
the  dial-plate;  and,  in  the  arch  of  this  plate,  above  twelve  at  noon,  is  a 
pl&te  H,  that  rises  and  fiills  as  the  tide  does  at  the  given  place.  Thus,  when 
U  is  high  water,  (suppose  at  London,)  one  of  tne  highest  points  of  Che 
ellipticau  shade  stands  just  over  L,  and  the  tide  place  U  is  at  its  greatest 
height :  and  ^rfaen  it  is  low  water  at  London,  one  of  the  lowest  points  of  the 
elliptical  shade  stands  over  I^  and  the  tide  place  U  is  quite  down,  so  as  to 
disappear  beyond  the  dial-plate.  As  the  sun  S  goes  round  the  dial-plate 
in  24  hours,  and  tlie  moon  M  goes  round  it  in  24  hours  50§  minutes,  the 
moon  goes  so  much  slower  than  the  sun  as  only  to  make  28^  revolutions 
in  the  time  the  sun  makes  29};  and  therefore  the  moon's  distance  firom 
the  sun  is  continually  changing;  so  that  at  whatever  time  the  sun  and 
meon  are  together,  er  in  conjunction,  in  29i  days  afterwards  they  will  be 
in  conjunction  again.  Consequently  the  plate  that  carries  the  moon  moves 
so  much  slower  than  the  plate  that  carries  tne  sun,  as  always  to  make  the  wir^ 
a  shift  over  one  day  of  the  moon's  age  on  the  sun's  plate  in  24  hours. 

In  the  plate  that  carries  the  meon,  there  is  a  round  hole  m,  through  which 
the  phase  or  appearance  of  the  moon  is  seen  on  the  sun's  plate,  lor  every 
day  of  the  mdon^  age  firom  change  to  change.  Whes  the  sun  and  moon 
are  in  conjunction,  the  whole  space  seen  through  the  hole  mj^  black } 
whett  the  moon  is  opposite  to  the  sun  (or  full)  aU  that  space  is  white")  when 
she  is  in  either  of  her  quarters,  the  same  space  is  half  black  and  lialf  white; 
and  different  in  all  other  positions,  so  as  the  white  part  may  resemble  the 
Tisibld  or  enlightened  part  of  the  moon  for  every  day  of  her  age. 

To  show  these  various  appearances  of  the  moon,,  there  is  a  black  shaded 
space,  fig.  497,  as  N/  F  ly  on  the  plate  that  carries  the  sun.  When  the  sun 
and  moon  are  in  conjunction,  the  whole  space  seen  through  tae  round  hole 
is  black,  as  at  N ;  when  the  moon  is  full,  opposite  to  the  sun,  all  the  space 
se^ir  through  the  round  hole  is  white,  as  at  F ;  when  the  moon  is  in  her 
first  quarter,  a»  at  y;  or  in  her  last  quarter,  as  at  /,  the  hole  is  only  half 
sftiadisd;  and  more  or  less  accordingly  for  each  position  of  tne  moon,  with 
regard  to  her  age ;  as  is  abundantly  plain  by  the  figure. 

<The  wheel-work  and  tide-wovk  of  this  clock  are  represented  by  fig.  49?, 
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iQ  wbicb  A  aii4  B  are  two  wfaeeU  of  equal  diameters.  A  has  57  Caec^ 
its  axis  is  hollow,  it  comes  through  the  dial  of  the  clock,  and  carries  the 
Bun-olate  with  the  son,  S,  in  fig  496.  B  has  59  teeth,  its  axis  is  a  solid 
spindle,  turning  within  the  hollow  axis  of  A,  and  carrying  the  moon-plate 
with  the  moon,  M,  in  fig.  496.  A  pinion  C,  of  19  leaves,  takes  into  the 
teeth  of  both  Uie  wheels,  and  turns  them  round.  This  pinion  is  tomed 
round,  by  the  common  clock-work,  in  eight  hours,  and  as  8  is  a  thiid 
part  of  24,  so  19  is  a  third  part  of  57 :  and  therefore  the  wheel  A  of  57  teeth, 
that  carries  the  sun,  will  go  round  in  24  hours  exacdy.  But  as  the  s&me 
pinion  C  (that  turns  the  wheel  A  of  57  teeth)  turns  also  the  wheel  B  of  59 
teeth,  this  last  wheel  wiH  not  turn  round  in  less  than  24  boors  50§  minutes 
of  time ;  for  as  57  teeth  are  to  24  hours,  so  are  59  teeth  to  24  hours  50§ 
minutes,  Tery  neariy. 

On  the  back  of  the  moon-wheel  of  59  teeth  is  fixed  an  elliotical  ring  D, 
which,  as  it  turns  round,  recoils  and  lets  down  a  lerer  £F,  whose  centre  of 
motion  is  on  a  pin  at  F ;  and  this,  by  means  of  an  upright  bar  G,  raises  and 
lets  down  the  tide-plate  H,  twice  in  the  time  of  the  moon's  re?olring  fiom 
the  meridian  to  the  meridian  again.  Tbe  upper  edge  of  this  plate  is  shown 
at  H,  in  fig.  496,  and  it  moves  between  four  roUcis,  R  R  R  R,  in  fig.  498. 

Mr.  Fei^ufion  states  that  he  made  one  of  these  clocks  to  go 
by  the  movement  of  an  old  watch  in  the  following  manner: 
to  the  end  of  the  axis  of  the  first  or  great  wheel  of  a 
watch,  which  goes  round  in  four  hours,  he  put  a  wheel  cS 
20  teeth  to  turn  a  wheel  of  40  teeth  on  the  axis  of  the 
pinion  C ;  by  which  means,  that  pinion  turned  round  fn  eight 
hours,  the  wheel  A  in  24  hours,  and  the  wheel  B  in  ^4  hotkrs 
50^  minutes. 

The  writer  of  IJie  different  branches  of  Horok^inDr.Reea's 
CyclopiBdia  states,  that  there  is  an  inaccuracy  in  the  nmnbers 
of  the  wheel-work  adopted  in  the  dial-work  of  this  clock, 
which  would  render  it  too  imperfect  to  be  used  for  a  consider- 
able length  of  time  without  a  new  rectification,  even  provided 
the  motions  of  the  sun  and  moon,  or,  more  properly  speaking, 
of  the  earth  and  moon,  were  quite  equable,  as  the  construc- 
tion supposes,  which  inaccuracy,  he  states,  may  thus  be 
explained. 

"  As  the  pinion  of  1 9  drives  both  the  wheeb  of  57  and  59,  when  the  former 
has  performed  a  revolution  in  a  solar  day,  the  latter  foils  two  teeth  short  of 
a  revolution,  which  it  completes  not  until  two  teeth  of  the  Second  revobitHin 
of  the  wheel  57  have  been  again  impelled,  so  that  in  eveiy  24  houcs  the 
little  moon  loses  A  of  its  revolution,  which  is  a  part  of  a  relative  retrograde 
motion,  as  it  regards  any  point  for  instance,  the  upper  hour  zii,  in  the  solai^ 
plate,  so  that  as  often  as  3  are  contained  in  59,  so  many  day*spaees 
must  there  be  on  the  8olar*plate,  figured  in  a  retrograde  direction,  as  the 
figures  regard  the  principal  plate ;  but  the  value  of  A  is  29i  essaetly,  which 
number  of  days  measures  the  lunation  according  to  these  wheels  exactly  : 
there  is^  therefore,  a  monthly  error  of  44"*  3*  almost,  vrhich  wiU  amount  to 
nearly  an  entire  day  in  the  short  space  of  about  32  hmations. 

<'  But  there  is,  moreover,  a  practical  objection  to  the  two  wheds,  57  and 
59,  being  both  driven  by  the  same  pinion  of  19>  which  is^  that  being  of  ths 
tome  diameter^  the  distance  between  their  teeth  is  not  the  same  In  iMth,  <«• 
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being  ^th,  and  the  other  -^^  of  a  semicircle,  rapposing  their  teetli  and 
spaces  to  be  respectively  equal  to  one  another,  but  if  both  wheels- are  cut  in 
tne  cutting-engine  by  the  same  cutter,  the  inequality  will  fall  in  the  teeth 
entirely ;  m  either  cases,  the  action  of  one  of  the  teeth  must  be  bad  if  the 
other  is  properly  proportioned,  and  periodic  jerks  will  be  the  consequence, 
which,  in  wheel-work  going  by  a  clock  or  watch  movement,  ought  to  be 
aroided.  Whether  or  not  Mr.  Ferguson  had  the  dial  of  the  clock  at 
Hampton  Court  in  his  eye  when  he  contrived  the  simple  mechanism  of  this 
clock,  we  will  not  undertake  to  affirm ;  but  we  think  it  extremely  probable 
that  he  had,  particularly  as  he  has  copied  the  position  of  the  annular  train 
in  another  of  his  clocks.  Being  in  the  habit  ot  calculating  numbers  proper 
for  representing  given  periods  of  time  in  clocks,  watches,  orreries,  &c.  we 
have  turned  our  thongnts  towards  the  improvement  of  this  clock,  as  well 
as  of  other  pieces  of  mechanism,  so  far  as  relates  to  accuracy ;  and  beg 
leave  to  lay  before  the  reader  the  alteration  that  has  occurred  to  us,  for 
rendering  the  clock  before  us  more  perfect  than  it  is  in  the  state  above  described. 

"  When  describing  the  Hampton  Court  clock,  we  endeavoured  to  prove 
that  when  the  moon's  age  is  indicated  by  the  difference  of  the  velocities  of 
the  two  hands,  moving  in  the  same  direction,  and  representing  the  sun 
and  moon,  the  latter  ought  to  pass  the  xii  o'clock  point,  on  each  day  50* 
•473  nearly  later  than  on  the  preceding  day ;  but  by  Mr,  Ferguson's  calcu- 
lations we  see  tiie  daily  retrogradation  is  50"*  526,  and  the  difference 
.053  amounts  to  an  entire  day's  motion  in  a  little  more  than  952  days ;  or 
somewhat  upwards  of  32  lunations,  as  we  have  stated.  What  therefore 
we  want,  in  this  case,  is  a  couple  of  divisible  numbers  that  shall  be  to 
each  other  very  nearly  in  the  ratio  of  24^  to24*'  50"*  473,  which  numbers,  by 
a  peculiar  arithmetical  process  become  familiar  to  us  by  practice,  we  have 
determined  to  be  2368  :  2451.  These  are  the  nearest  possible  number; 
that  can  be  got  without  ascending  higher  in  the  scale  of  continual  ratios,  and 
are  luckily  capable  of  reduction  into  composite  numbers  thusj  2368  taken 
as  a  product  is  equal  to  74  x  32  and  2451  »  57  x  43 ;  therefore  the  train 
4i  X  U  will  be  the  wheel-work  required ;  the  solar  wheel  of  74  teeth  being 
made  to  revolve  with  a  tube  as  an  arbor  in  24  hours,  by  the  clock  move- 
ment, must  impel  the  wheel  of  43  placed  on  a  stud,  or  otherwise  on  the 
front  plate  of  the  frame,  at  one  side  of  it,  and  this  wheel  of  43  must  have 
the  next  driver,  32,  pinned  to  it,  to  impel  the  last  wheel,  57,  or  lunar 
wheel,  placed  on  a  solid  arbor,  concentncally  behind  the  solar  wheel, 
according  to  Mr.  Ferguson's  position,  and  the  dials  and  other  designs  of 
the  clock  face  may  remain  precisely  te  described;  so  that  instead  of  the 
pinion  of  19  impelling  two  unequal  wheels  at  once,  we  shall  have  a  pair  of 
small  wheels  pinned  together,  one  impelled  by,  and  the  other  impellmg  its 
fellow,  where  the  motion  must  be  taken  from  an  arbor  of  twelve  hours, 
carrying  a  wheel  of  37  to  actuate  the  74  in  twenty-four  honrs,  instead  of 
from  one  of  eight  hours,  as  Mr.  Ferguson  proposed ;  which  mode  is  equally 
practicable. 

"  As  a  pR)of  of  the  accuracy  of  our  calculation,  we  have  by  direct  propor- 
tion as  2368 :  2451 :  :  24^:  241"  50»  4729729,  &c :  hence  the  deviation  from 
the  data  is  here  only  0000271  of  a  minute  in  each  lunar  day,  which  will 
not  amount  to  an  error  of  an  entire  day  in  less  than  1,862,472  such  days, 
and  therefore,  may  be  assumed  as  no  bad  substitute  of  the  truth  itself;  see- 
ing the  dock  vriil  never  be  expected  to  go  so  long  without  clearing  or  stop- 
page from  some  external  cause. 

^  Should  it  occur  to  the  reader  that  32  lunations  constitute  a  period  long 
enough  for  the  clock  of  Mr.  Ferguson  to  go,  before  a  new  rectincation,  we 
beg  leaye  ta  suggest  to  him,  that  in  the  space  of  a  lunar  day  thcve  are  two 
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tides  and  two  ebfasy  eontequeotly  an  error  of  three-quarten  of  an  hour  in  each 
htnation  will  phict  the  tidcHplate  U,  three  huun  wrong  in  the  tpaoe  of  about 
four  months,  and  in  nearly  eight  months  an  high  water  will  be  changed  into 
low  water,  and  the  rererae  in  the  next  eight  months,  which  is  cerUinlj  an 
indispensable  error. 

**  That  the  doek-makei'  may  not  be  at  a  loss  how  to  apply  the  remedy  we 
hare  proposed  for  the  inaccuracy  of  Mr.  Ferguson's  soUr  and  lunar  wheeisy 
we  shall  condude  our  description  of  the  clock  before  us  with  an  account  oi 
the  exact  dimensions  of  the  parts  proposed  to  be  substituted.  If  we  take 
the  wheel  of  communication  of  37  teeth  at  12  per  inch,  measured  at  the 
pitch  line,  its  geometrical  diameter  will  be  98  or  -f/^  of  an  indi,  and  its 
practical  diameter,  with  the  addendum  for  the  ends  of  the  teeth,  1-04 ;  die 
wheel  of  74  being  double  will  ha?e  its  geometrical  diameter  equal  to  1*96, 
and  its  practical  one  3*02 ;  the  fellow  of  this  last  or  solar-wheel  has  its 
geometrical  diameter  by  the  same  proportion,  1.14,  and  its  practical  one 
1.20 ;  the  distance  of  the  stud  from  the  centre  of  motion  of  tne  solar  and 
lunar  wheels,  must  necessarily  be  the  stmi  of  the  geometrical  radii  of  these 
t^o  last  wheels,  namely,  1*96 +  1.14-f- 2^  which  is  «al-55 ;  again  the  snm 
of  the  geometrical  radii  of  the  remaining  two  wheels,  32  and  57,  must  be 
also  equal  to  155,  in  order  that  the  centres  of  motion  of  the  solar  and  lunar 
wheels  may  exactly  coincide ;  but  a  wheel  of  a  geometrical  diameter  equal  to 
1*55x2^  or  3.10  inches  and  of  32  +  57^or  89  teeth,  will  hare  only  about 
nine  teeth  per  inch,  and  the  practical  diameters  of  wheels  32  and  57,  by  the 
same,  will  be  respectiTely  1*21  and  2*1.  The  calliper  suitable  for  these 
proportions  and  dimensions  is  given,  of  their  full  size  and  dimensions,  iti 
Bg.  498*,  which  needs  no  farther  explanation,  except  that  the  wheels  43  and 
32  are  so  nearly  of  a  size  that  one  circle  represents  both,  as  pinned  togethex*, 
and  rerolTing  with  a  contemporary  motion  round  a  stud  or  screw  in  thezt* 
centre,  going  into  the  front  plate  of  the  clock-frame.  The  small  wheel  of  3^ 
acts  deeper  into  the  teeth  of  its  follow  than  the  43,  by  reasbn  of  hdnng  larg^ 
teetl^  than  the  other,  though  the  wheel  is  of  the  same  size." 

In  the  year  IS03,  the  Societv  for  the  Encouragement  of  Arts, 
&c.  presented  to  Mr.  John  rrior,  of  Nessfield,  Yorkshire,  a 
reward  of  thirty  Mineas  on  account  of  his  contrivance  for  the 
striking  part  of  an  eight-day  clock.  As  this  invention  & 
likely  to  be  useful  we  shall  describe  it  here.  It  consists  of  a 
wheel  and  fly,  with  six  turns  of  a  spiral  line,  cut  ufoa  tlie 
wheel  for  the  purpose  of  counting  the  hours.  The  pins  below 
this  spiral  elevate  the  hammer,  and  those  above  are  for  fbe 
use  of  the  detent.  This  single  wheel  serves  the  purpose*  of 
count- wheel,  pin- wheel,  detent- wheel,  and  the  fly-wheel,  ainl 
has  six  revolutions  in  striking  the  twelve  hours.  If  we  suppose 
a  train  of  wheels  and  pinions  used  in  other  striking*  parts  to  be 
made  without  error,  and  that  the  wheels  and  pinions  would 
turn  each  other  without  shake  or  play,  then,  allowing  the  above 
supposition  to  be  true,  (though  every  mechanic  knows  it  is  not,.) 
Mr.  Pdor's  striking  part  would  be  found  six  times  superior  to' 
others,  in  striking  the  hours  1,  2, 5, 7 9  10,  11  ;  twelve  timeF 
superior  in  striking  4,  6,  8 ;  and  eighteen  times  in  striking  3, 
9,  and  12.    In  strilking  2,  the  inventor  purposely  made  an 
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imperfecUon  equal  to  the .  space  of  three  teeth  of  the  wheel ; 
And  in  Btriking  3^  an  imperfection  of  nine  or  ten  teeth;  and 
yet  both  these  hours  are  struck  perfectly  correct.  The  flies  in 
clocks  turn  round  ata  mean^  about  sixty  times. for  every  knock 
of  the  hammer,  but  this  turns  round  only  three  times  for  the 
same  purpose :  and  suppose  the  pivots  were  of  equal  diameters, 
the  influence  of  oil  on  them  would  be  as  the  number  of 
revolutions  in  each.  It  would  be  better  for  clocks  if  they 
gave  no  warning  at  all,  but  the  snail  piece  to  raise  a  weight 
somewhat  similar  to  the  model  Mr.  P.  sent  for  the  inspection 
of  tibat  respectable  society. 
The  striking  part  of  this  clock  is  represeDted  in  fig.  499. 

A,  tlie' large  wheel,  on  the  face  of  which  are  sunk  or  cut  the  six  turns  of  a 
flpird. 

B,  the  single  worm  screw,  which  acts  on  the  above  wheel,  and  moves 
the  fly  C. 

D,  the  spiral  work  of  the  wheel  A.  The  black  spots  show  the  grooves 
into  which  the  detents  drop  on  striking  the  hour. 

£,  the  groove  into  which  the  locking  piece  F  drops  when  it  strikes  1, 
and  from  which  place  it  proceeds  to  th«  outward  parts  of  the  spiral  in  the 
progressive  hours,  being  thrown  out  by  a  lifting  piece  H  at  each  hour ;  the 
upper  detent  G  being  pumped  off  with  the  locking  piece  F,  from  the  pins  on 
the  wheel  A. 

In  striking  the  hour  of  12,  the  locking  piece,  having  arrived  at  the  outer 
spiral  at  H,  rises  up  an  inclined  plane,  and  drofw  by  its  ovm  weight  into 
me  innor  cifcle,  in  which  the  hour  1  is  to  be  struck,  and  proceeds  on  in  a 
piogresaive  motion  through  the  different  hours  till  it  comes  again  to  12. 

I,  the  hammer-work  made  in  the  common  way,  which  is  worked  by  thirteen 
pins  on  the  face  of  the  spiraL 

Fig.  500,  K,  the  thirteen  pins  on  the  face  of  the  spiral,  which  work  the 
hftmmer-work. 

,  L,  4ffi  owter  pins  which  lock  the  detent. 

'H,  the  pump  spring  to  the  detent. 

In.  the  fourth  century,  an  artist  named  James  Dondi  con- 
stricted a  dock  for  the  city  of  Padua,  which  was  lon^  con- 
ndtred  as  the  wonder  of  tiie  period.  Besides  indicating  the 
hours, :  it  represented  the  motions  of  the  sun,  moon,  and 
planets,  as  we&  as  pointed  nut  the  different  festivals  oi 
the  year.  On  this  account  Dondi  obtained  the  surname  of 
Horokmo,  which  became  that  of  his  posterity.  A  short  time 
alter,  William  Zelander  constructed  for  the  same  dty  a 
dock  stilimore  com^ex ;  which  was  repaired  in  the  sixteenth 
cenfeury  by  Jaaellin  Turrianus,  the  mechanist  of  Charles  V. 

But  the  clocks  of  the  cathedrals  of  Strasburgh  and  of  Lyons 
are  mudi  more  celebrated.  That  of  Strasburgh  was  the  work 
of  Conrad  Dayspodius,  a  mathematician  of  that  city,  who 
ibuabed  it  about  1573.  The  lace  of  the  basement  of  this 
dock  exhibits  three  dial-plates ;  one  of  which  is  round,  and 
womta  of  several  eoneentrie  eireles ;  the  tvo  interior  onef  of 
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which  perform  their  revolutions  in  a  year,  and  serve  to  maik 
the  days  of  the  year,  the  festivals,  and  other  circomstancsea  of 
the  calendar.  The  two  kiteral  dial-plates  are  square,  and 
serve  to  indicate  the  eclipses  both  of  the  sun  and  the  moon. 

Above  the  middle  dial-plate,  and  in  the  attic  space  of  the 
basement,  the  days  of  the  week  are  represented  by  <fifferent 
divinities,  supposed  to  preside  over  the  phtncts  from  which 
tiieir  common  appellations  are  derived.    The  divinity  of  the 
current  day  appears  in  a  car  rolling  over  the  clouds,  and  at 
midnight  retires  to  give  place  to  the  succee&ig  one.    Before 
the  bMement  is  seen  a  globe  borne  on  the  wings  of  a  pelican, 
around  which  the  sun  and  moon  revolved ;  and  which  in  that 
manner  represented  the  motion  of  these  planets,  but  thia 
part  of  the  machine,  as  well  as  several  others,  has  been  de- 
ranged for  a  lonff  time.    The  ornamental  turret,  above  this 
basement,  exhibits  chiefly  a  large  dial  in  the  form  of  an  astro- 
labe; which  shows  the  annual  motion  of  the  sun  and  moon 
thioogh  the  ecliptic,  the  hours  of  the  day,  &c.    The  phases 
of  the  moon  are  seen  also  mariced  out  on  a  particular  dial- 
plate  above.    This  work  is  remarkable  also  for  a  considerable 
assemblage  of  bells  and  figures,  which  perform  different  mo- 
tions.   Above  the  dial-plate  last  mentioned,  for  example,  the 
four  ages  of  man  are  represented  by  symbolical  figures :  one 
passes  every  quarter  of  an  hour,  and  marks  the  quarter  by 
striking  on  small  bells ;  these  figures  are  followed  by  Death, 
who  is  expdled  by  Jesus  Christ  risen  from  the  grave :  who, 
however,  permits  it  to  sound  the  hour,  in  order  to  warn  man 
that  time  is  on  the  wing.    Two  small  angels  perforin  more^ 
ments  also;  one  striking  a  bell  with  a  soeptre,.  whilst  the 
other  turns  an  hour-gb^  at  the  expimtion  of  an  boiir.    In 
the  last  place,  this  work  is  decorated  with  varioos  aBimab, 
which  emitted  sounds  similar  to  their  natural  voices;  bafe 
none  of  them  remain,  except  tiie  cock,  which  crows  innne* 
diately  before  the  hour  strikes,  first  stretdiing  out  its  neek 
and  clappinff  its  wings,    indeed  it  is  to  be  remtted  that  & 
great  part  m  this  curious  machine  is  now  entirety  deranged. 

The  clock  of  the  cathedral  of  Lyons  is  of  less  size  than  that 
of  Strasburgh,  but  is  not  inferior  to  it  in  the  variety  of  ite 
niovements ;  it  has  the  advantage  also  of  being  in  agood  om*- 
dition.  It  is  the  work  of  Lippius  de  Basle,  and  was  exnesd* 
ingly  well  repaired  in  the  last  century  by  an  ingenious  clock* 
maker  of  Lyons,  named  Nourisson.  like  that  of  Sti«8biii|rh^ 
it  exhibits,  on  different  dial-plates,  the  annual  and  diOMl 
progress  of  the  sun  and  moon,  the  days  of  the  year^  tbcir 
length,  and  the  whole  calendar,  civil  as  well  as  eccleBtastic* 
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The  days  of  the  #eek  are  indicated  by  symbols  mote  analo- 
«gous  to  the  place  where  the  clock  is  erected ;  the  hours  are 
announced  by  the  crowing  of  a  cock,  three  times  repeated^  after 
it  has  clapped  its  wings,  and  made  various  other  movementa. 
When  the  cock  has  done  crowing,  angels  appear,  who  by 
striking  various  bells,  perform  the  air  of  a  hymn  5  the  annun- 
ciation of  the  virgin  is  represented  also  by  moving  figures,  and 
by  the  descent  of  a  dove  from  the  clouds ;  and  after  this 
mechanical  exhibition  the  hour  strikes.  On  one  of  the  sides  of 
the  clock  is  seen  an  oval  dial-plate,  where  the  hours  and 
minutes  are  indicated  by  means  of  an  index,  which  lengthens 
or  contracts  itself,  according  to  the  length  of  the  semidiameter 
of  the  ellipsis  over  which  it  moves. 

A  very  curious  clock,  the  work  of  Martinot,  a  celebrated 
clock-maker  of  the  seventeenth  century,  was  formerly  to 
be  seen  in  the  royal  apartments  at  Versailles.  Before  it 
struck  the  hour,  two  cocks  on  the  comer  of  a  small  edifice 
crowed  alternately,  clapping  their  wings;  soon  after,  two 
lateral  doors  of  the  edifice  opened,  at  which  appeared  two 
figures  bearing  cymbals,  beat  upon  by  a  kind  of  guards  wltii 
clubs.  When  these  figures  had  retired,  the  centre  door  was 
thrown  open,  and  a  pedestal,  supporting  an  equestrian  statue 
of  Louis  XIV.,  issued  bom  it,  while  a  group  of  clouds  separat- 
ing, gave  a  passage  to  a  figure  of  Fame,  which  came  and 
hovered  over  the  statue«  An  ^ir  was  then  performed  by  bells ; 
after  which  the  two  figures  reentered,  the  two  guards  raised 
up  their  clubs,  which  they  bad  lowered  as  if  out  of  respect  to 
the  presence  of  the  king,  and  the  hour  was  then  struck. 

Whfle,  however,  we  have  thought  it  right  to  describe  these 
ingenious  performances  of  foreign  artists,  we  must  not  neglect 
to  mention  the  equally  ingenious  workmanship  of  some  of  our 
own  countrymen.  We  now  refer  to  two  clocks  made  by 
English  artists,  as  a  present  firom  the  East  India  Company  to 
the  Emperor  of  China.  These  two  clocks  are  in  the  form  of 
chariots,  in  each  of  which  a  lady  is  placed  in  a  fine  attitude, 
leaning  her  right  hand  upon  a  part  01  the  chariot,  under  which 
impcntrs  a  clock  of  curious  workmanship,  little  larger  than  a 
shilling,  which  strikes  and  repeats,  and  goes  for  eiffht  days, 
ITptm  the  lady's  finger  sits  a  bird,  finely  modelled  and  set 
with  diamonds  and  rubies,  with  its  wings  expanded  in  a  flying 
posture,  and  which  actually  flutters  for  a  considerable  time  by 
touching  a  diamond  button  below  it ;  the  body  of  the  bird,  in 
which  are  contained  the  wheels  that  animate  it  as  it  were,  is 
less  than  the  IGth  part  of  an  inch.    Hie  lady  holds  in  hcf 

8x2 
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left  hand  a  golden  tube,  little  thicker  than  a  large  pin^  on 
the  top  of  which  is  a  small  round  box,  to  which  is  fixed  a 
circular  omamfiit  not  larger  than  a  sixpence,  set  with  dia- 
monds, which  goes  round  in  or*  near  three  hours  in  constant 
regular  motion.  Over  the  lady's  head  is  a  double  umbrella, 
supported  by  a  small  fluted  pillar  the  size  of  a  quill^  and 
under  the  larger  of  which  a  bell  is  fixed,  at  a  consider- 
able distance  from  the  clock,  with  which  it  seems  to  have 
no  connection,  but  from  which  a  communication  is  secretly 
conveyed  to  a  hammer  that  regularly  strikes  the  hour^  and 
repeats  the  same  at  pleasure,  by  touching  a  diamond  button 
fixed  to  the  clock  below.  At  the  feet  of  Uie  lady  is  a  golden 
dog. 

In  a  work  like  the  present,  however  we  may  wish  to  pursue 
this  interesting  subject  through  its  progressive  steps  of  im- 
provement, and  to  do  justice  to  the  numerous  scientific  and 
ingenious  men  who  have  from  time  to  time  efiected  those 
improvements^  we  are  compelled  to  confine  ourselves  within 
certain  limits,  which  preclude  us  from  entering  more  fully 
into  detail  in  this  article ;  we  therefore  refer  such  of  our 
readers,  who  wish  to  pursue  the  subject^  to  the  catalogue  of 
•wvitings  in  Dr.  Young's  Natural  Philosophv. 

We  shall  next  jnoceed  to  give  a  description  of  the  mecfaa* 
oasm  of  an  ordinary  watch,  and  to  annex  thereto  a  nsefiil  set 
of  tables,  published  originally  by  Mr.  W«  Stirt. 

WATCHJSS. 

Figure  SOi  r^Ves^nts  (he  interior  works  of  an  otdihaiy  watdi  with  the 
oravn- wheel  escapement,  as  they  remain  on  the  piHar-plate  when  the  upper 
part  of  the  frame,  shown  bv  fig<  605,  is  unpinned  and  removed ;  and  %.  509, 
which  is  a  section  of  the  whole  frame  and  its  contents,  shows  the  connection 
of  all  the  parts,  as  though  the  calliper  were  in  one  right  line.  These  two 
figures,  by  haring  the  same  letters  m  reference,  mutually  explain  each  odier. 
Tne  mathspring  which  actuates  all  the  wheels  and  pinions,  that  axe  oaUed, 
in  one  general  term,  the  movement,  -  is  contained  in  the  circular  .box  %*  seen 
in  the  different  views  in  the  separate  figs.  501, 502,  and  508,  in  the  last  of 
which  its  narts  are  given  in  a  detached  state,  viz.  the  box ;  the  relaxed  spring 
immediately  above  lying  in  a  spiral  form ;  the  aibor  with  its  pin,  on  wiiich 
the  interior  end  of  the  spring  is  hooked,  and  the  lid  through  which  the 
pivot  of  the  arbor  penetmlti;  this  spring  is  forced  into  the  box  by  a  tool  on 
ft^ippse  when  it  is  strong ;  and  then  the  exterior  end  is  hooked  to  a  piii  in 
the  circular  edge  of  the  box,  so  that  if  the  box  is  made  to  turn  round  while 
the  arbor  is  held  fast,  the  spring  begins  to  coil  at  the  centre,  and  is  thereby 
said  to  be  wound  up.  The  same  effect  would  be  produced  if  the  box  were 
held  £ut,  and  the  arbor  only  were  turned ;  but  in  the  latter  case  the  chaiii, 
Wjkich  requires  to  be  uncoiled  torn  the  spring-box  as  this  spring  is  wound  op^ 
Ifould  remain  unmoved;  it  is  necessary  therefore  that  the  box  be  turned 
whilethe  arboris  at  res^  which  is  thus  effected:  one  end  of  the  chain  is 


AMD   MACHINIST.  *  501 

made  Cut  to  the  tide  of  the  spriiig»boiy  and  thaolher  to  the  ftisee^^  after 
being  coiled  seyeral  times  round  the  circumference  of  the  box;  then  as  the 
square  end  of  the  spring-box  arbor  is  held  bj  the  small  ratchet  and  click 
c,  'seen  on  the  revereed  &ce  of  the  pillar-plate  in  hg.  507,  so  that  it  cannot 
revolTe,  it  is  obrions  that  inserting  a  key  on  the  square  of  the  fbsee  arbor, 
and  turning  it  in  a  proper  direction,  will  wind  the  chain  upon  the  spiiral 
groove  of  the  fiisee,  while  it  is  unwound  from  the  box ;  and  during  this 
operation,  the  spring  will  be  coiled  up  to  the  oentre  pf  the  box,  or  put  into  its 
state  of  greatest  tension  for  pulling  the  fusee  back  again.  The  rapid  motion 
which  the  fusee  would  have  in  a  retrograde  direction  when  pulled  hj  the 
whole  force  of  the  coiled  spring,  is  prevented  by  the  train  of  wheel-work  and 
balance,  thus :  the  great  wheel  d  is  not  fast  to  the  thick.end  of  the  fusee,  as 
appears  in  the  drawings,  but  carries  a  click  and  dick-spring  «,  as.  seen  in 
fig.  503,  while  the  ratchet-wheel,  seen  in  fig.  504,  is  made  fast  to  the  fusee ; 
the  consequence  of  which  contrivance  is,  that  while  a  key  applied  to  the 
Ibsee  arbor  winds  up  the  watch  and  fills  the  fusee  groove  with  the  chain, 
until  the  guard  driven  by  it  catches  the  beak  at  the  small  end  of  the  fiisee,  the 
click,  in  fig.  603^  slides  over  the  teeth  of  the  ratchet  in  fig.  504,  without  acting  ^ 
on  them,  and  thus  leaves  the  great  wheel  d  at  rest,  in  connection  with  the 
pinion  e  on  the  centre  or  minute  wheel  arbor ;  but  when  the  spring  acts  on 
the  fusee  in  a  contrary  direction,  the  click  attached  to  the  great  wheel  is 
laid  hold  of  by- the  teeth  of  the  ratchet,  which  thus  makes  it'fi^  to  the  end 
of  the  fusee ;  or  in  other  words,  until  the  spring  vrants  winding  up  again, 
which  usually  happens  once  in  28  or  30  hours ;  but  it  is  commonly  wound 
up  once  in  24  hours  more  or  less.  The  action  of  the  great  wheel  d,  on  the 
pmioD  0,  is  that  of  a  long  lever  driving  a  short  one;  or  this,  wheel  may  be 
a«id  to  aet  under  a  tnechanical  disadvantage,  when  an  increase  of  velocity, 
but  a  loss  of  power,  is  experienced  by  the  pinion;  again,  on  the  same  cen<^ 
tral  arbor  of  this  pinion  e  is  rivetted  the  centre  wheel  f,  whiph  revolves  in  an 
exact  hour,  as  we  shall  see  presently,  and  this  wheel  drives  the  pinion  g, 
on  the  arbor  of  the  third  wheel  A,  also  with  a  mechanical  disadvantage^  for 
the  force  it  imparts  to  the  pinion  t,  on  the  arbor  of  the  contrate  wheel,  is 
a|;ain  diminished  in  the  ratio  of  the  diameter  of  the  wheel  to  that  of  its 
pmion ;  thus  the  force  of  the  mainmring  is  continually  diminishing,  as  it  is 
transmitted  through  the  train,  ana  when  the  contrate  wheel  comes  to  be 
actuated,  it  has  just  force  enough  to  drive  the  horizontal  pinion  on  the 
balance  wheel  /,  so  that  the  alternate  impube  given  by  its  teeth  to  the  pal- 
lets of  the  balance  verge  are  just  sufficient  to  perpetuate  the  oscillation  from 
right  to  left,  under  all  the  obstacles  of  friction,  dirt,  wear,  and  the  air's 
resistance.  It  is  a  curious  fact  that  the  crown-wheel  escapement,  though  the 
oldest  that  we  know  of,  is  still  the  most  in  use  in  common  watches,  probably 
from  the  &cility  with  which  it  is  constructed  ;  for  certainly  it  is  more  under 
the  influence  of  the  irregularities  of  the  mainspring's  force  than  any  other 
escapement  Tl^  properties  and  action  of  this  escapement  have  been 
minatdy  explained  in  page  516  of  the  article  Escapement,  with  reference 
to  ^,  523,  to  which  explanation  and  figure  we  request  our  reader's 
attention. 

In  order  that  the  force  applied  to  pallets  of  the  verge  at 
each  oscillation  may  not  sensibly  vary,  it  was  found  necessary 
to  equalize,  as  much  as  possible,  the  variable  forces  of  the 
mainspring  in  its  different  states  of  tension ;  and  the  most 
practical  wav  of  doing  this  has  been  found,  to  convert  the 
cylinder  on  tne  arbor  of  the  great  wheel,  which  would  have 
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been  proper  for  a  gravitating  body,  used  as  a  maintaining 
power^  into  a  figure  of  a  parabolic  form,  that  is,  into  a  snHd, 
generated  by  the  revolution  of  a  parabola,  in  order  tbat,  as 
the  force  of  the  spring  becomes  greater  by  increased  tensbn, 
its  action  on  the  great  wheel  might  be  lessened  in  a  similar 
proportion,  by  a  gradual  decrease  of  the  radius  of  the  fusee, 
round  whidi  the  chain  is  wound,  to  impart  the  force  thus 
modified.  Every  separate  spring,  therefore,  has  not  only  its 
average  force  proportioned  to  the  balance  it  is  destinra  to 
actuate,  when  diminished  by  transmission  through  a  given 
trsdn,  but  requires  its  scale  of  varying  forces  to  be  nicely 
counteracted  in  every  degree  of  tension  by  the  shape  of  the 
fusee ;  and  this  is  done  by  means  of  a  tool,  called  a  fusee  ad«- 
justing  tool,  idiich  is  nothing  more  than  a  lever  with  a  sliding 
weight,  attached  to  the  square  end  of  the  fusee  arbor,  as  re- 
presented  in  fig.  509;  for  when  the  weight  on  the  lever  is 
an  exact  counterpoise  to  the  force  of  the  mainspring  in  every 
part  of  the  successive  revolutions  erf  the  fusee,  bh  the  spring  is 
wound  up  by  the  lever  instead  of  a  key,  then  the  shape  of  the 
fusee  is  proper,  but  not  otherwise.  Hence,  whenever  a  new 
mainspring  is  put  to  a  watch,  the  fusee  ought  to  be  adjusted 
in  the  fusee  engine  according  as  the  adjusting  tool  determines. 
The  comparative  forces  of  the  spring  at  the  extreme  ends 
of  the  fusee  may  be  adjusted  by  the  small  ratchet  c,  on  the 
back  of  the  pillar-plate  in  fig.  507,  but  when  the  spring  is  put 
to  a  suitable  degree  of  tension  to  act  well  at  both  extremities 
of  the  fusee,  it  must  not  be  altered  by  the  ratches'  click,  but 
the  intermediate  forces  must  be  equalized  by  a  due  shape 
given  to  the  fusee.  We  have  insisted  the  more  on  this  part 
of  the  mechanism  being  attended  to,  because,  as  the  primwn 
7iioM^,'it  is  thebasis  of  all  other  motions.  The  number  of 
ronnds  that  the  spiral  of  the  parabolic  fiisee  may  be  cut  into 
depends  on  the  length  of  the  pillars  of  the  frame,  or,  which  is 
the  same  thing,  the  shallowness  of  the  watch.  The  French 
frequently  leave  out  the  fusee,  and  attempt  to  equalize  the 
forces  of  the  mainspring  by  tapering  it ;  and  with  detached 
escapements,  this  mode  may  sometimes  answer  tolerably,  bot 
with  the  crown-wheel  escapement  a  fusee  is  indispensable. 
Again,  the  number  of  teeth  in  the  great  wheel,  and  in  the  centre 

E*nion,  depends  on  the  number  of  rounds  in  the  spiral  of  the 
see. 

in  a  thirty-hours'  watch,  with  six  turns  of  the  fusee,  the  great  wheel  must 
have  y  or  five  times  as  many  teeth  as  the  centre  pinion ;  so  that  if  this  has 
six  leaves,  the  wheel  must  have  5  x  6  »30  teeth ;  but  if  eight,  then  5  x  a  «=  40; 
if  the  spiral  has  seven  turns,  the  great  wheel  48,  and  the  pinion  12,  then  thv 
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tiae  of  going  will  be  $|  x  7  m2S  hours ;  also,  if  then  be  5|  tuna  on  the 

fusee,  50  teeth  in  the  ifvheely  and  10  leaves  in  the  pinion,  the  period  of 
going  will  be  27^  hours,  or  ^x5i-5x5i»27i;  but  if  24  hours  only 
were  required  as  die  period,  with  six  turns  and  a  pinion  of  12,  tiie  great 
wheel  would  be  required  to  have  46. 

Thus  when  an  altemtiott  is  made  in  either  the  pinion,  the 
wheel,  or  the  tarns  in  the  fusee^  a  corresponding  variation 
may  be  made  in  the  others,  to  produce  the  same  period  ot 

;oingy  but  still  the  centre  wheel  revolves  once  hi  an  hour. 

n  the  commonest  watches  the  pimmis  have  only  mx  leaves 
eaeh,  which  do  not  act  so  well  as  ninions  of  higher  numbers ; 
but  in  the  best  watches,  and  in  all  chronometers,  the  leaves 
and  teeth  are  more  numerous.  The  pivot*holes,  particularly 
of  the  verge  and  escapement  arbor,  have  jewels  for  the  pur- 
pose of  diminishing  the  friction,  in  the  best  watches ;  but  de- 
tached and  remontoire  escapements  are  the  best  correctives  of 
the  unequal  impulses  given  through  the  medium  of  the  train 
in  the  different  states  of  its  foulness. 

The  potence  «,  and  unaU  or  counter  potence  «,  that  hold  the  pivots  of 
the  balance-whed,  are  small  oodu  seen  in  fig.  502,  both  in  their  attached 
and  detadied  states,  and  are  screwed  to  the  top  or  upper  plate  within  the 
frame ;  but  the  springs,  buttons,  and  joints  of  the  case,  are  not  exhibited, 
as  forming  no  part  of  the  movement.  Fig.  505  represents  the  outer  face  of 
Uie  upper  plate,  with  the  balance  p,  the  cock  o,  and  balance-spring  «,  called 
the  pendulum-spring,  from  its  having  the  properties  of  the  pendulum;  by 
means  of  this  spring,  not  only  is  the  regulation  made  iiteady,  out  the  adjust- 
ment for  time  is  effected.  In  every  balance-spring  there  is  a  certain  length, 
to  be  taken  as  the  effective  lengtl^^  by  which  the  going  of  the  watch  to 
which  it  is  applied  is  limited  to  exact  performance ;  and  when  this  length 
is  determined  by  experiment,  a  pin  is  put  in  the  stud  that  holds  the  exterior 
ends,  as  at  4,  in  fig.  505,  to  prevent  its  being  altered ;  but  as  the  variation 
of  temperature  will  alter  the  momentum  of  the  moving^balance,  the  effect 
therebv  produced  is  a  loss  of  time  in  the  rate,  in  hot  weather,  and  a  gain 
in  cold  weather,  by  an  alternate  increase  and  decrease  in  the  dimensions  of 
the  balance  itself,  as  well  as  by  some  alteration  in  the  sprine.  To  remedy 
this  defect,  in  an  ordinary  watch,  the  contrivance  shown  in  fig.  506  is  intro- 
duoed ;  the  wheel  t  is  placed  under  the  graduated  circle  r,  seen  in  fig.  505, 
and  a  circular  rack  «,  fig.  506,  that  holds  the  curb  or  slit-piece  5,  seen  in 
both  figures,  is  moved  by  a  sliding  motion  given  to  it,  when  a  key  is  applied 
to  the  squared  arbor  of  the  figure  circle,  and  thus  the  effective  length  of  the 
spiral  spring  is  limited  by  the  position  of  the  curb  5 ;  and  according  as  the 
key  is  turned  forwards  or  backwards,  towards  the  words  <fiist'  or  '  slow' 
engraved  on  the  cock,  the  shortened  or  leng^ened  spring  alters  the  rate  of 
going,  till  the  proper  length  is  found  that  suits  the  season  in  question. 

In  Harrison's  time«piece  the  curb  was  moved  by  an  expan- 
sion-lever of  two  metsuB,  that  acted  by  means  of  the  change 
of  temperature ;  but  in  the  best  chronometers  of  more  recent 
dates^  the  compensating  levers  constitute  the  three  portions 
into  which  the  rim  of  the  balance  is  divided^  and  the  adjust* 
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ment  foir  time,  as  well  as  compensation  for  temperatare,  are 
by  means  of  heavy  screws,  which  form  a  part  of  the  moving 
balance.  In  these  more  perfect  machines,  the  length  of  the 
spring,  which  is  now  made  helical  or  cylindricsd,  is  first 
deterndned  such,  that  the  long  and  short  vibrations  are  per- 
formed in  the  same  time,  and  this  is  called  the  isochronal 
lengtiis,  which  is  not  afterwards  altered  by  subsequent  adjust- 
ments. 

The  last  portion  of  the  watch  whkh  demands  our  eiplanation  is  the  dial- 
worky  for  producing  the  hours  and  minutes ;  this  win  be  easily  understood 
hf  reference  to  figs.  502  and  507.    When  the  pinion  called  the  cannon- 

r'on, ,  fieen  near  the  minute-hand  in  fig.  502,  is  inserted  on  the  arbor  of 
hour  or  centre  wheel,  to  which  it  fits  rather  tight  by  firiction,  it  rerulves 
therewith  in  an  hour,  and  receives  the  minute  or  hour  hand  on  its  protruding 


squared  end ;  then  this  pinion  drives  the  wheel  x  round  a  stud  on  the  piliar- 
piate,  and  with  it  a  pinson  w  made  fast  to  its  centre;  which  pinion  again 
oriTes  a  second  wheel,  v,  round  the  tube  of  the  cannon-pinion  in  tweWe 
hours ;  and  to  this  the  hour-hand  is  attached.  This  diminution  of  twelve 
revolutions  from  the  cannon-pinion  to  die  hour-wheel  might  be  effected  by 
one  pinion  driving  a  single  wheel  of  twelve  times  its  number  of  teeth ;  bat 
as  the  motion  must  be  brouriit  back  to  the  centre  of  the  dial  again,  two 
more  wheels,  or  a  wheel  and  pinion,  are  necessary  to  be  introduced,  and 
these  are  therefore  made  a  part  of  the  train,  and  no  large  wheel  or  small 

Einion  is  wanted,  for  the  ratio  12 ;  1  may  be  more  conveniently  obtained 
y  two  foctors,  vig.  4  :  t  and  3 :    1 ;  thus,  suppose  the  cannon-pinion 
to  have   15  leaves,   its  wheel  may  have  4x15^60  teeth  for  wheel  x, 

60 
and  if  wheel  o  be  the  same,  its  pinion  will  be  ---  -■  20,  and  the  train 

60      60      360       72       60       12      ^^  .v  .    v      *v      •  •  ^     ^ 

~-x  ---  — -rr  — -^  o'  -r  — ~r-  <»  12 ;  so  that  when  the  pmions  are  fixed 
15      20       30        6         5        1  *^ 

upon  for  the  dial-work,  the  wheels  are  readily  determined,  and  vice  vtrta. 

The  following  Tables^  somewhat  differently  arranged,  were 
published  by  W.  Stirt,  an  ingenioiis  balance-wheel  and  fusee 
cutter. 


A  TABLE  OP  TRAINS  FOR  WATCHES; 

Showing  the  Number  of  Turns  6n  the  Fusee  and  Tee^h  in  the  Balance- 
wheel,  with  the  Beats  in  an  Hour,  and  the  number  of  Seconds  in  which 
the  Contrate  or  Fourth  Wheel  revolves ;  for  the  easy  Jifning  pf  \yatches 
by  the  Vibrations  of  the  Pendulum. 

9  Teeth  m  the  Balanee-wheei 


Second  wheel  58  6  lliird  wheel  pin. 
Third  wheel  56  6  Contrate  pin* .  • 
Contrate  wheel  54  6  Balance  pin.  .. 

BeaU  14,616  in  an  hour 

Seconds  39^,  in  which  the  4thl 
wheel  revolves / 


60  6 

56  7 

80  6 

14,400 

60 


60  6 

59  6 

52  6 

15,080 

37* 


60  6 

58  6 

56  6 

16,240 

m 


60  6 

60  6 

54  6 

16,200 

36 


60  6 

60  6 

60  6 

18,000 

36 


64  6 

60  6 

54  6 

17,280 

331 


64  8 

60  8 

80  6 

14,40C 

6ft 
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.  A  Table  or  Tbains  for  Watch^  e^tUinued. 
11  Ttetk  in  the  Balance-wheel 


&0& 


Second  wlieel  48  6   Third  whed  pinioo. . . . 

54  6 

54  6 

56  7 

56  6 

56  6 

Third  wheel     45  6   Contrate  pioion 

45  6 

50  6 

45  6 

54  6 

56  6 

Co«tnitewheel70  6   Balance  pinion    

65  6 

60  6 

78  6 

54  6 

55  6 

Beats  15,400  in  an  hour 

16,087 
53* 

16,500 
48 

17,160 
60 

16,632 
42| 

17,567 
il* 

Seconds  60,  in  which  the  4th  wheel  reTolyes 

58  6 

58  6 

58  6 

58  6 

58  7 

60  6 

60  6 

60  6 

60  6 

60  6 

60  6 

52  6 

54  6 

54  6 

56  6 

56  6 

50  6 

52  6 

54  6 

54  6 

54  6 

55  6 

52  6 

52  6 

54  6 

54  6 

56  6 

52  6 

52  6 

50  6 

52  6 

54  6 

52  6 

15,973 

16,588 

17,226 

17,817 

15,879 

15,888 

16,520 

16,500 

17,160 

17,820 

17,477 

421 

41* 

41* 

39* 

54* 

43 

41* 

40 

40 

40 

39 

60  6 

60  7 

60  8 

60  8 

60  6 

60  8' 

60  7 

62.6 

62-7 

63  6 

636 

56  6 

56  6 

56  7 

56  7 

60  6 

60  6 

60  7 

54  6 

58  6 

54  6 

56  r 

50  6 

56  6 

74  6 

78  6 

48  6 

56  6 

60  6 

52  6 

52  6 

50  6 

56  6 

17,111 

16,426 

16,280 

17,160 

17,653 

15,400 

16,163 

17,935 

16,324 

17,325 

17,248 

38i 

40 

60 

60 

36 

48 

49 

38* 

45 

38 

42* 

64  6 

64  6 

65  7 

70  8 

70  7 

72  8 

72  7 

80  a 

75  10 

72  9 

72  9 

50  6 

52  6 

62  7 

54  7 

63  7 

63  7 

64  7 

72  8 

72    9 

66  8 

60  8 

50  6 

52  6 

59  7 

68  6 

58  r 

54  6 

58  7 

68  8 

66   8 

60  6 

54  6 

16,296 

17,625 

15,250 

16,830 

16,408 

16,035 

17,142 

16,830 

13,200 

13,200 

11,880 

40* 

39 

43i 

53* 

40 

44* 

38* 

40 

60 

66 

60 

13  Teetk  in  the  Bakmee-wkeel 

Second  wheel    48  6   Third  wheel  pinions  .. 

48  6 

52  6 

54  6 

54  6 

54  6 

Third  wheel     45  6   Contrate  pinion 

45  6 

52  6 

50  6 

52  6 

52  6 

Contrate  wheel  66  6   Balance  pinion  . 
Beats  17.160  in  an  hour 

68  6 
17,680 

52  6 

16,925 

46* 

50  6 

16,274 

48 

48  6 

16,224 

46 

50  6 

16,900 

46 

Seconds  60,  In  which  the  4th  wheel  rerolves 

60 

54  6 

54  6 

55  6 

56  7 

56  6 

56  6 

56  6 

56  6 

56  6 

58  6 

58  6 

52  6 

52  6 

51  6 

45  6 

50  6 

50  6 

52  6 

52  6 

54  6 

48  6 

50  6 

51   6 

52  6 

51  6 

66  6 

50  6 

51  6 

48  6 

50  6 

49  6 

52  6 

50  6 

17,238 

17,576 

17,219 

17,160 

16,851 

17,188 

16,824 

17,525 

17,836 

17,425 

17,453 

46 

46 

46* 

60 

46* 

46* 

44* 

44* 

42* 

46* 

44| 

60  6 

60  8 

60  6 

60  6 

60  7 

60  6 

60  7 

60  8 

60  7 

60  8 

60  6 

48  6 

48  6 

50  6 

50  6 

54  6 

54  8 

56  7 

56  7 

58  7 

58  6 

60  7 

48  6 

66  6 

46  6 

48  6 

52  6 

60  6 

56  6 

66  6 

56  6 

56  6 

48  6 

16,640 

17,160 

16,611 

17333 

17,382 

17,550 

16,640 

17,160 

17,234 

17,593 

17,82a 

45 

60 

43 

43 

46* 

54 

52* 

60 

50* 

49* 

42 

60  8 

60  6 

62  7 

63  7 

63  7 

64  7 

64  7 

64  8 

64  8 

65  7 

70  8 

60  6 

60  7 

56  7 

52  6 

60  7 

52  6 

60  7 

60  8 

64  8 

62  7 

60  7 

54  6 

56  7 

56  6 

51  6 

60  7 

50  6 

60  7 

66  6 

72  7 

58  7 

52  6 

17,550 

17,828 

17,194 

17,238 

17,191 

17,168 

17,464 

17,160 

17,115 

17,717 

16,900 

48  . 

42 

50* 

46* 

461 

46 

45* 

60 

56* 

43* 

48 

70  3 

72  8 

72  8 

74  8 

74  8 

75  10 

75  10 

80  10 

96  12 

96  12 

90  10 

66  8 

52  6 

70  8 

64  8 

68  8 

72   9 

72    9 

60    8 

75  10 

75  10 

90  10 

64  7 

52  6 

68  8 

63  7 

68  8 

70    7 

72    9 

60    8 

80   8 

88    8 

90  10 

17,160 

16,673 

17,403 

17.316 

17,400 

15,600 

12,480 

15,600 

15,600 

17,160 

18,954 

50 

44* 

52* 

48| 

60 

60 

60 

60 

60 

60 

44* 

MS 
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A  Tablb  op  TftAivs  poft  Watchis  e&nihmdd. 
15  TfM  m  lAtf  Bakmee^k&a, 


48  6 

48  6 

54  6 

54  6 

54  6 

Third  wkMl      45  6   Contrate  pinion 

45  6 

45  6 

48  6 

48  6 

486 

Coiitnt0vbeel54  6   Balance  pinion 

58  6 

60  6 

46  6 

48  6 

64  8 

Beats  16  200  in  an  bour ••••• 

17,400 
60 

18,000 

16,560 

17,280 

17,280 

Seconds  60,  in  which  the  4th  wheel  revolves 

60 

50 

50 

50 

$4  6 

56  7 

56  7 

56  7 

56  6 

56  7 

58  6 

58  6 

60  8 

60  8 

608 

50  6 

45  6 

45  6 

45  6 

48  6 

60  8 

48  6 

50  8 

48  6 

48  6 

567 

48  6 

56  6 

58  6 

60  6 

46  6 

60  6 

46  6 

58  6 

58  6 

60  6 

48  6 

18,000 

16.800 

17.400 

18,000 

17,173 

18.000 

17,786 

17.520 

17,400 

18.000 

14,400 

48 

60 

60 

60 

48 

60 

46* 

59* 

60 

60 

60 

608 

60  7 

60  8 

60  8 

60  8 

60  6 

60    6 

60  6 

60    6 

60  10 

60   6 

56  7 

56  7 

56  7 

56  7 

56  7 

60  8 

60  10 

60  8 

60  10 

60   6 

60  10 

56  7 

58  7 

58  6 

60  6 

60  7 

48  6 

48    6 

56  7 

58    6 

60    6 

64    8 

14.400 

17.044 

17,400 

18,000 

15,386 

18,000 

14,400 

18.000 

17,400 

18,000 

14,400 

60 

52§ 

60 

60 

60 

48 

60 

48 

60 

60 

60 

60  8 

60  8 

62  8 

63  7 

63  7 

64  8 

64  8 

64  8 

64    6 

65  7 

70   6 

64  8 

64  8 

60  8 

54  7 

56  7 

45  6 

60  8 

60  8 

60  10 

56  7 

60  10 

66  7 

70  7 

60  6 

50  6 

56  7 

56  6 

58  6 

60  6 

70    8 

56  7 

48   6 

16,971 

18,000 

17,437 

17356 

174280 

16,800 

17,400 

16,000 

16,800 

17,828 

16,800 

60 

60 

61| 

511 

50 

60 

60 

60 

56* 

48i 

51* 

70    7 

70  8 

70  8 

70  10 

72    6 

72  8 

72  8 

72  8 

72  8 

75  8 

81  9 

60  10 

64  8 

64  8 

65    8 

60  10 

64  8 

64  8 

64  8 

65  8 

64  8 

72  9 

70    7 

50  6 

58  7 

60    6 

48    6 

50  6 

54  7 

648 

64  8 

64  8 

72  9 

18,000 

17,500 

17,400 

17.062 

17,280 

18,000 

16,662 

17,280 

17,550 

18.000 

17,280 

60 

51* 

51i 

561 

50 

50 

50 

50 

49 

48 

50 

17  Teeth  in  the  Balance^oheel. 


Second  wheel   48  6   Third  wheel  pinion . .  • . 

Tliird  wheel     45  6   Contrate  pinion  

CoDtrate  wheel  50  6    Balance  pinion    

Beatt  17,000  in  an  hour 

Seconds  60,  in  which  the  4th  wheel  rerolTes 


56  7 

60  8 

45  6 

56  7 

53  6 

52  6 

18,020 

17,828 

60 

60 

64  8 
60  8 
60  7 
17,485 
60 


O.W.     S.W.P.  T.N, 8. 

48  10  6^ 
10 
10 
10 
10 
13 
10 


50 

52 
54 
55 
56 
58 


6 
5* 


G.W.     8.W.P.  T.N.  8. 
60  10  5 

10 

10 
12 
12 
12 
12 


62 
64 
48 
50 
52 
54 


^K 

f 


O.W.     S.W.P.  T.R.S. 

55  12  6#r 
12 
12 
12 
12 
12 


56 
58 
60 
62 
64 


6 

it 


If  we  divide  double  the  product  of  all  the  four  wheels  by  the  product  of 
all  the  three  pinions,  the  quotient  will  be  the  number  of  beats,  as  given  in 
anj  of  the  trains  contained  in  this  table ;  also,  if  we  take  the  second  and 
third  wheels,  and  their  pinions  respectively,  as  a  compound  fraction  of  an 
hour,  they  will  give  the  seconds  in  which  the  contrate-wheel,  attadied  to  the 
latter  pinion,  will  revolve ;  thus,  of  g^  of  ^  of  60"= 1  ■  or  60",  which  numbers 
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are  oonieqifttiitly  proper  fiar  a  watch  that  iodicates  the  seconds;  and  if  the 
beats  be  IBfiOO,  or  14,400,  there  will  be  fiye  or  four  beats  respectively  m 
a  second,  whidi  are  the  best  trains  for  measuring  fractional  parts  of  a  second. 

GH&ONOMETJSRS. 

Chronombtbsis  differ  from  an  ordinary  watch  principally  in 
the  escapement  and  balance.  These  machines  deserve  more 
thaa  usual  attention^  as  well  from  their  practical  utility  in^ 
ndvig^on,  as  from  the  principles  on  which  they  are  con- 
structed, in  which  the  irregular  forces  both  of  impulse  and 
resistance  are  greatly  diminished  by  the  exactness  of  form 
and  dimension. 

In  the  reign  of  queen  Anne,  the  British  parliament  passed 
an  act,  offering  a  reward  of  10,000/.  for  ai^  method  of 
determining  the  longitude  within  the  accuracy  of  one  degree 
of  a  great  circle;  of  15,000/.  within  the  limit  of  forty 
geographical  miles ;  and  of  20,000/.  within  the  limit  of  thirty 
such  nules,  or  half  of  a  degree ;  provided  such  method  should 
extend  more  than  eighty  miles  from  the  coast.  The  hope 
of  obtaining  this  reward  stimulated  a  watch-maker  named 
Harrison  to  be  inde&tigable  in  his  endeavours  to  effect  the 
required  improvement,  which  eventually  led  him  to  apply 
the  principle  of  the  apposite  expansions  of  different  metals 
to  a  watch  to  effect  a  self-regulating  curb,  for  limiting  the 
effective  length  of  the  spiral  pendulum-spring  to  correspond 
to  the  successive  changes  of  heat  and  cold,  which  chimges 
were  now  known  to  alter  the  force  of  this  spring,  and  the 
momentum  of  the  balance. 

After  Harrison  had  by  his  industry  and  perseverance  ob- 
tained the  large  reward,  the  act  was  repealed,  and  another 
substituted,  offering  separate  rewards  to  any  person  who 
should  invent  a  practicable  method  of  determining,  within 
circumscribed  limits,  the  longitude  of  a  ship  at  sea ;  for  a 
time-keeper,  the  reward  held  forth  to  the  public  is  5,000/. 
for  determining  the  longitude  to  or  within  one  degree; 
7,500/.  for  determining  the  same  to  forty  geographical  miles ; 
and  10,000/.  for  a  determination  at  or  within  half  a  degree. 
This  act,  notwithstanding  its  abridged  limits  and  diminished 
reward,  has  produced  several  candidates ;  of  whom  Mudge, 
the  two  Arnolds,  and  Eamshaw,  have  had  their  labours 
crowned  with  partial  success. 

Although,  in  respect  to  Mudge's  time-keeper,  great  ex- 
pectations were  at  first  raised,  it  has,  frx)m  the  complexity 
of  the  machinery,  and  consequent  expanse  attendant  upon 
making  it,  gradually  fallen  into  disrepute,  and  is  now  seldom 
or   ever  made.     Such  of  our  readers  who  wish  to  see  its 
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manner  of  conatniction  and  performance,  we  must  refer  to 
^<  The  Descnption  of  Mr.  Mudge's  Time-keeper/'  publidied 
in  1799,  by  lliomasi  Mudge,  jmi. 

The  chronometer  we  purpose  to  lay  before  our  readers  is 
that  constructed  by  Mr.  Eamsfaaw,  as  we  are  strongly  dis- 
posed to  conclude,  from  various  documents  we  have  seen, 
and  from  the  similarity  so  evident  in  tM  construction  <rf  the 
escapement,  that  Mr.  Arnold  derived  the  knowledge  of  his 
principle  from  Mr.  Eamshaw. 

In  Mr.Eamshaw's  chronometer  the  escapement  is  detached, 
which  is  the  best  for  the  equal  measurement  of  time,  because 
the  vibrations  of  the  balance  are  free  fr6m  tiie  friction  of  the 
wheels,  excepting  about  one-twelfth  part  of  the  drde,  while 
the  scape- wheel  is  acting  on  the  pallet  to  keep  up  the  motion 
of  the  balance,  which  is  done  with  considerably  more  power 
and  less  friction  than  by  any  other  esci^ment,  as  itrecrives 
but  one  blow  from  the  wheel,  whilst  other  escapements  receive 
two ;  it  has  also  an  equal  advantage  of  the  same  quickness  of 
train,  and  when  the  impulse  is  given  to  the  balance  b^  the 
wheel,  it  is  given  in  a  similar  direction,  and  not  in  opposition, 
as  most  escapements  are  which  produce  a  recoil. 

The  pivots  of  the  balance-axis  should  be  the 
size  of  the  verge-pivots  of  a  good  sized  pocket- 
watch,  and  of  the  annexed  shape,  which  will  greatly 
add  to  their  strength,  the  extreme  end,  or  acting 
part,  only  being  straight;  the  jewel-hole  should  he 
as  shallow  as  possible,  so  as  not  to  endanger  cutting 
the  pivot,  and  the  part  of  the  action  of  the  hole  mMie  quite 
back,  with  only  a  very  shallow  chamber  behind  to  retain  the 
oil ;  deep  holes  are  very  bad,  for  when  the  oil  becomes 
glutinous,  it  will  make  the  pivots  stick,  so  as  to  prevent  the 
balance  from  its  usual  vibration.  The  pallet  should  be  half 
the  diameter  of  the  wheel,  or  a  little  larger,  for  if  smaller,^or 
one-fourth  the  diameter,  as  is  the  case  in  Arnold's,  tiie 
wheel  will  have  too  much  action  on  it,  which  will  increase 
friction  most  considerably,  and  likewise  cause  the  balanee  to 
swing  so  much  farther  to  clear  the  wheel ;  consequently, 
a  check  in  the  motion  of  the  balance  may  stop  the  watcn, 
and  cause  time-keepers  so  constructed  to  stop.  The  face  of 
^he  pallet  should  run  in  a  line  of  equal  distance  betvireen  die 
centre  of  the  pallet  and  its  extremity,  and  not  in  a  right  fine 
to  its  centre,  as  this  causes  an  increase  of  friction,  and  a  loss 
of  th^t  power  which  is  obtained  by  the  wheel,  acting  on  ihe 
extremity  of  the  pallet.  The  scape-wheel  teeth  should  form 
the  8ame  direction  as  the  face  of  the  pallet,  under-cut  for 
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the  puipose  of  avoidinfi^  friction,  and  maintaining  the  power, 
and  for  safe  unlocking.  The  pointy  of  the  wheel-teeth  miut 
not  be  rounded  off,  but  left  aa  shurp  as  possible.  The  pivots 
of  the  scape-whe^l  are  to  be  a  very  Uttle  kurger  than  the 
balanee-pivots. 
^  The  wheel  is  locked  by  a  spring,  bstead  of  a  detent  with 

C>ot8,  as  the  French  have  made  them ;  for  those  pivots  must 
tve  oil,  and  when  the  oil  thickens,  the  spring  of  the  pivot- 
detents  become  so  affected  by  it,  as  to  prevent  the  detent 
from  falling  into  the  wheel  quick  enough,  which  causes  irre- 
gular time,  and  ultimately  a  stoppage  of  the  watch. 

When  the  spring  is  plimted  on  the  side  of  the  wheel,  the 
part  on  which  the  wheel  rests  should  be  a  little  short  of  a 
right  angle,  so  that  the  wheel  may  have  a  tendency  to  draw 
the  spring  into  it ;  for  if  sloped  the  other  way,  or  beyond 
a  right  angle,  it  will  have  a  tendency  to  push  the  aarmg  out, 
in  which  case  the  wheel  will  have  liberty  to  run.  The  wheel 
should  take  no  more  hold  on  tbe  spring  than  just  sufficient 
to  stop  it,  otherwise  the  friction  will  be  increased.  The 
small  return-spring  should  be  as  thin  as  possible  at  the  end 
fiutened  to  the  other  spring,  but  at  the  outer  end  a  little 
thicker ;  the  spring  should  be  planted  down  as  close  to  the 
wheel  as  to  be  just  fr«e  of  it :  the  discharging  pallet  about 
one^tMrd,  or  near  one-half  the  me  of  the  large  or  main 
pallet,  the  face  of  it  in  a  right  line  to  the  centre,  the  back  of 
It  a  Uttle  rounding  off  from  the  centre.  Great  care  must 
be  used,  in  taking  off  the  edges  of  this  discharging  piece  to 
make  it  round,  to  prevent  cutti^  the  spring,  nor  can  it  be 
made  too  thin,  provided  it  does  not  cut;  the  end  of  it  nearest 
the  balance  should  be  a  little  more  out  from  the  centre  of  the 
balance-axis  than  the  lower  part  of  it  towards  the  potence, 
for  oounteracting  the  natural  tendency  of  the  iqiiing.  down- 
wards from  the  pressure  of  the  scape-wheel ;  and  that  part 
of  the'  spring  on  which  the  wheel  rests  should  be  sloped  a 
little  down,  to  give  the  wheel  a  tendency  to  force  it  up,  to 
counteract  the  natural  mdinaticm  which  the  wheel  has  to 
dmw  it  down  by  its  pressure  on  it. 

The  balance  is  to  be  made  of  the  best  sted,  and  turned  from 
its  own  centre  to  the  proper  size,  and  then  put  into  a  crucible 
with  as  much  of  the  best  brass  as  will,  when  melted,  cover  it. 
Tbe  brass-will  adhere  to  the  steel,  and  when  set,  is  to  be 
turned  to  its  proper  thickness,  and  hollowed  out,  so  as  to 
leave  the  steel  rim  about  the  thickness  of  a  repeating-spring 
to  a  small  sized  repeating-watch..  The  brass  is  to  be  turned 
to  near  twice  or  three  times  the  thickness  of  the  steel ;  cross 
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it  out  with  only  one  arm  stnught  across  the  centre,  and  at 
each  end  of  the  arm  fix  two  Borews,  opposite  to  each  other, 
through  the  rim  of  the  halance,  to  regulate  the  watch  to  time. 
The  Sameter  of  the  heads  of  these  screws  must  be  about 
equal  to  the  thickness  of  the  balance,  a  little  more  or  less  is 
not  material.  The  compensation-weights  should  be  made  of 
the  best  brass,  and  well  hammered,  and  a  groove  turned  to  let 
the  rim  of  the  babmoe  into  it ;  this  should  be  cut  into  four- 
teen equal  parts,  which  will  leave  seven  pdr  of  pieces  of 
equal  sixe  and  weight,  one  of  which  pair,  being  screwed  on 
the  rim  of  the  bfdance  at  equal  distances,  will  produce  an 
equilibrium.  In  making  balances,  great  care  must  be  taken 
that  they  get  no  bruises  or  bendings;  for  if  a  bruise  be  made  on 
one  side  so  as  to  indent  the  metal,  that  part  will  be  less  affected 
by  the  atmospheric  agency  of  heat  and  cold  than  diose  parts 
whose  pores  have  not  been  closed  by  the  same  violence. 

Balances  are  likewise  spoiled  by  bending  the  compensation- 
pieces,  as  bending  cracks  and  destroys  the  compact  body  of 
the  metal.  The  scddering  up  those  cracks  with  a  m^tid  very 
different  in  expansion  to  the  metal  cracked  is  hurtful,  as  it  is 
not  then  posnble  to  bend  the  compensation-pieces  into  a 
true  cirde,  in  which  case  they  form  so  many  parts  of  different 
circles,  that  nothinff  regular  can  be  produced. 

To  adjust  the  bahmce  in  heat  and  ooM,  put  the  watch  into 
idbout  85  or  90  degrees  of  heat  by  the  common  Uiermometer, 
mark  down  exactly  how  much  it  gains  or  loses  in  twdve 
hours,  then  put  it  into  as  severe  a  cold  as  you  can  get  for 
twelve  hours ;  and  if  it  gain  one  minute  more  in  twelve  hours 
in  cold  dian  in  heat,  move  Hie  compensation-weights  fittther 
fimn  the  arm  of  the  balance  about  one-eighth  ^  an  inch ; 
and  if  it  gain  one  minute  move  in  twelve  hours  in  heat  than 
m  oold,  move  the  weights  one-eighth  of  an  inch  nearer  to  the 
arm  of  the  balance,  and  so  on  in  like  proportion,  trying  it 
again  and  again,  till  you  find  the  watch  go  the  same  in  wimt- 
ever  change  of  heat  or  cold  you  put  it  in. 

Mr.  Eannshaw  has  found  out  a  method  of  obviating  the 
difficulties  attendant  in  making  time-keepers  go  neariy  the 
same  in  whatever  position  they  might  be  put.  It  merely 
consists  in  having  the  balance-spring  well  and  propeity  made ; 
but  if  the  spring  be  made  as  hereafter  described,  it  only  re- 
quires that  the  balance  should  be  of  equal  weight^  and  it  wiH 
go,  within  a  few  seconds  per  day,  in  all  positions  alike ;  and 
if  it  vibrate  not  more  than  \i  circle,  will,  by  q[>plyiug  a 
small  weight  to  that  part  of  the  balance  which  is  downwanis 
when  ui  llie  position  that  it  loses  most,  correct  it  wkh  great 
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accinacy.  If  it  vibrate  more  than  1^  circle,  it  will  require 
the  weight  to  be  above,  instead  of  below ;  and  after  the  watch 
baa  been  going  a  few  months,  and  its  vibrations  Morten  to 
1^  circle,  it  will  go  worse  and  worse  by  reason  of  the  weight 
being  in  the  wrong  place ;  therefore,  to  avoid  this  evil,  it  is 
absolutely  necessary  to  confine  the  vibrations  to  1^  circle, 
which  wul  produce  the  most  steady  performance* 

The  greatest  difficulty  with  which  Mr.  Eamshaw  had  to 
contend  in  the  construction  of  his  chronometers  was,  to  find 
out  the  invisible  properties  of  that  apparent  simple  part  of  the 
machine,  called  the  balance-spring.  He  found,  m  reasoning 
on  bodies,  that  watch«^.^nff8,  when  kept  constantly  in  mo^ 
Uon,  relax  and  tire  like  the  human  frame.  In  proof  of  this, 
let  a  watch,  that  has  been  going  a  few  months,  go  down ;  let 
it  remain  down  for  a  week  or  two,  and  then  set  it  going,  when 
it  will,  if  it  be  a  good  time-keeper,  and  not  affected  by  the 
weather,  go  some  few  seconds  per  day  faster  than  it  did  when 
H  was  let  down ;  but  it  will  agam  lose  its  quickness  in  a 
gradual  manner,  guning  less  and  less  till  it  comes  to  its 
former  rate.  Finding,  therefore,  that  isochronal  springs 
would  not  do,  and  having  made  springs  of  such  shape  as 
would  render  long  and  short  vibrations  equal  in  time,  and 
which  constantly  lost  the  longer  the  watch  went,  Mr.  Eam- 
shaw made  them  of  such  shape  as  to  gain  in  the  short 
vibiationB  about  five  or  six  seconds  per  day  more  than  the 
long  ones,  which  quantity  could  only  be  found  by  long  expe- 
rience ;  and  the  way  he  ad(x>ted  to  prove  this,  was  to  try  the 
sate  of  the  watch  with  the  balanoe  vibrating  about  one-third 
of  a  curde,  then  tried  its  rate  vibrating  1^  circle ;  and  if  the 
short  vibrations  went  slower  than  the  lon^  ones,  he  found 
that  the  watch  would  lose  in  its  rate ;  and  if  equal,  it  would 
likewise  lose^  but  that  only  from  relaxation ;  he  found  also, 
if  it  gain  in  the  Aott  vibvaticHis  more  than  five  or  six  seconds 
in  twenty-four  hours,  it  w4U  in  the  long  run  gdin  on  its  rate ; 
but  if  not  more  than  that  quantity,  and  the  time-keeper  is 
perfect  in  heat  and  cold  in  every  other  part,  the  above  pro- 
perties will  rend^  it  deserving  the  name  of  a  perfect  time- 
keeper. Mr.  Eamshaw  found  the  common  relaxation  of 
balance-springs  to  be  about  five  or  six  seconds  per  day  on 
their  rates  in  the  course  of  a  year;  therefore,  if  the  short 
vibrations  are  made  by  the  shape  of  the  spring  to  go  about 
that  quantity  fiister  than  the  long  ones,  and  as  the  spring 
relaxes  in  going  bv  time,  so  the  watch  accumulates  in  dirt 
and  thickening  of  the  oil,  which  shortens  the  vibrations,  the 
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tfhort^  ones  then  being  quicker,  oompenMUted  for  the  evil  of 
relaxation  of  the  balance-spring. 

Having  thus  given  our  readers  Mr.  Eamshaw's  pre&tory 
observations  to  the  Board  of  Longitude,  we  shall,  in  the  next 
place,  proceed  to  give  a  general  description  of  the  different 
parts  of  his  chronometer. 

Fig.  610  represents  the  time-keeper  put  together. 

Fig.  511,  the  pillar-plate  from  which  the  calliper  may  be  taken;  «,  the 
height  of  the  pillars. 

Fig.  512,  the  barrel  and  raain-spriog;  6,  side  view  of  the  barrel. 

Fig.  513,  the  fasee  and  great  wheel,  with  ratchet  to  keep  it  going  whilst 
winding  np ;  c,  side  view  of  fusee. 

Fig.  514,  second  wheel  and  pinion;  d,  side  view  of  second  wheel 

Fig.  515,  third  wheel  and  pinion ;  e,  side  view  of  it 

Fig.  51 6,  fourth  wheel  and  pinion ;  /,  side  view  of  it. 

Fig.  517  represents  the  upper  pUite,  with  the  escapement  on  it,  from 
which  the  calliper  may  be  taken.  In  this  figure  the  draftsman  has  not 
placed  the  pallet  near  enough  the  wheel ;  but  this  is  of  no  consequence,  aa 
a  proper  and  exact  draft  of  the  escapement  on  a  much  larger  scale  is  given 
in  fig.  522 ;  the  escapement,  therefore,  is  to  be  understood  from  that  figure; 
this  only  shows  the  sues  of  the  wheels. ' 

Fig.  518  represents  a  side  view  of  the  scape-spring  whidi  lodes  the  wheel. 

Fig.  519,  one  of  the  brass  weights  to  be  fixed  on  the  rim  of  the  belaaiee 
for  the  compeosation  for  heat  and  cold ;  ^,  the  groove  cut  in  it  to  receive 
the  rim  of  the  balance.  The  rim  of  the  balance  is  cut  through  in  two  places 
in  opposite  directions,  as  in  fig.  510,  and  two  of  these  weights  are  to  be 
placed  on  the  balance-rim,  at  ^ual  distances,  as  there  represented,  and 
astened  by  the  screw  as  at  h*  Taese  weights  are  to  be  moved  baekwuds 
or  ibrwanls  on  the  rim  of  the  balance,  to  make  the  watch  go  faaiex  or 
slower  in  heal  or  in  cold,  as  by  trial  may  be  found  necessary. . 

Fig.  520  is  a  side  view  of  said  bra^  weights ;  ft,  the  ffroove  to  receive 
the  rim  of  the  balance ;  its  depth  shows  the  breadth  for  balance-ring. 

Fig.  521,  the  cylindrical  bauanoe-spring.  The  only  advantage  attendittf^ 
the  cylindrical  shape  is,  that  it  is  raUier  easier  made,  being  a.saving  of  .aboirt 
one  hour  of  time ;  for  if  the  real  body  or  form  of  the  spring  be  like  the  shape 
of  the  stem  of  a  feather,  or  common  writing  quill,  it  is  of  no  consequence 
whether  it  be  turned  into  a  spiral  or  cylindrical  figure. 

The  model,  fi^m  which  the  four  following  figiues  were  taken,  contains, 
besides  the  parts  neQeasary  to  explain  the  natore.of  the  escapement,  a  box 
enclosing  a  sprii^,  which,  when  wound  np,  communicates,  by  means  of 
some  more  wheels,  a  force  to  the  balance-wneel  sufiiciei^t,  when  the  balance 
i.c  put  in  motion,  to  keep  it  in  action  for  some  time.  These  wheels  are 
contained  between  two  brass  plates,  fastened  together  by  four  upright  pil- 
lars. The  uppermost  of  these  plates  is  that  wfaidi  is  lepiestnted  m  Sg.  5S2, 
where  P  Q  R  S  are  the  four  screws  that  take  into  the  beads  of  the  four  pittacs 
above-mentioned,  and  connect  it  to  the  remaining  part  of  the  model.  The 
plate  P  QRS  contains,  however,  the  whole  of  the  parts  necessaiy  for  \ht 
present  purpose.  The  side  of  this  plate  represented  to  view,  is  the  andei^ 
most  when  fixed  in  the  model ;  so  that  the  figure  represesits  this  plate  as 
taken  off,  with  the  side  next  to  the  balance  laid  upon  a  table,  and  the  eye  is 
supposed  to  be  placed  perpendicularly  over  it. 

in  the  plate  rQRS  is  an  opening,  or  a  pieoe  taken  out,  leprtssnted  hj 
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TUWXYZ.  lalhisopeningthebalance-whflQlABCD,  pdlctMSK, 
and  part  of  the  balance  17  V,  are  seen.  The  balance-wheel  is  supported  by 
two  pieces  of  brass,  O  N  H,  O I ;  the  piece  O  N  H  is  screwed  to  the  side  of 
the  plate  nearest  to  view  by  a  strong  screw,  V,  and  made  firm  by  small 
pins,  represented  hjwvTvvT;  these  pins  are  called  steady -pins ;  they 
are  ri vetted  fast  into  the  snpporling-piece  O  U,  and  take  into  holes  io  the 
plate  P  Q  K  S,  made  exactly  to  fit  them.  The  part  O  N  of  this  snpportinff- 
piece  is  supposed  to  be  raised  abore  the  part  O  H  by  a  joint  or  bend  at  N : 
the  other  supporting-piece  O I  is  fastenea  to  the  opposite  sid^  of  the  plate ; 
and  between  these  two  pieces  the  balance-wheel  turns  freely  and  steadily 
in  the  direction  of  the  letters  A  BC  D.  The  small  wheel  M  S  K  is  called 
the  large  pallet ;  it  is  a  cylindrical  piece  of  steel,  haying  a  notch  or  piece 
cut  out  of  it  at  /  A  t ;  against  the  side  of  this  notch  is  a  square,  flat  piece  of 
ruby,  or  any  hard  stone,  h  /,  ground  and  polished  Tery  smooth,  and  fixed 
into  the  pallet.  The  cylinder  is  so  placed,  with  respect  to  the  balance- 
wheel,  that  it  may  not  be  more  than  just  clear  of  two  adjoining  teeth.  £  F. 
is  a  long,  thin  spring,  which  is  made  fast  at  one  end,  by  being  pinned  into 
a  stud  G,  and  made  to  bear  gently  against  the  head  or  an  adjusting  screw, 
m ;  the  other  end  is  bent  a  little  in  the  form  of  a  hook ;  to  this  spring  there 
in  fixed  another  very  slender  spring  at  7,  which  projects  to  a  small  distance 
beyond  it.  This  small  spring  lies  on  the  side  of  the  thick  spring  nearest  to 
the  balance-wheel.  The  adjusting  screw  m  takes  into  a  small  brass  cdck  at 
apy  which  is  screwed  fast  to  the  upper  plate  by  a  strong  screw.  Upon  the 
spring  £F  there  is  fixed  a  semi-cylindrical  pin,  which  stands  up  perpen- 
dicularly upon  it,  and  of  a  sufficient  length  to  h\\  between  the  teeth  of  the 
balaaoe-wheel  A  B  C  D.  This  pin  is  called  the  locking-pallet,  and  is  placed 
on  the  opjposite  side  of  the  spring  represented  to  yiew.  Through  the  centre 
of  the  cylindrical  pallet  M  S  &,  a  strong  steel  axis  passes,  call^  the  verge; 
the  pallet  is  made  &st  to  this  axis,  which  also  passes  through  the  centre  of 
tbe  balance,  and  is  m^e  fast  to  it;  it  has  two  fine  pivots  at  its  extremities, 
upon  which  it  turns  very  freely,  between  two  firm  supporting  pieces  of 
brass,  screwed  firmly,  and  made  as  permanent  as  possible,  hy  steady-oins, 
to  the  principal  plate.  A  little  above  the  cylindrical  pallet  M  S  K,  is  nxed 
a  small  cylindrical  piece  of  steel,  i  n,  having  a  small  part  projecting  out  at  t, 
through  which  Uie  verge  also  passes ;  this  is  called  uie  limng-pallet,  and  is 
Item  one-third  to  half  the  diameter  of  the  large  pallet ;  it  fixes  upon  the  verge 
like  a  collar,  and  is  made  fast  by  a  twist,  so  as  to  be  set  in  any  position 
with  respect  to  the  large  pallet  M  S  K.  The  end  E  G  of  the  long  spring 
E  F  being  made  very  slender,  if  a  small  force  be  applied  at  the  point  o  to 
press  that  end  out  from  the  wheel  A  B  C  D,  it  yields  easily  in  that  diieo 
tion,  turning,  as  it  were,  upon  a  centre  at  O ;  it  is  also  made  to  slide  in  a 
groove  made  in  this  stud,  in  such  a  manner  that  the  end  0  may  be  placed  at 
any  required  distance  from  the  centre  of  the  verge. 

Having  described  the  several  parts  as  they  appear  in  the  figure,  we  next 
come  to  their  situation  or  connection  with  respect  to  each  other.  I^  the 
long  spring  £  F  be  supposed  to  be  so  placed,  that  the  end  of  the  slender 
spring  y  i  may  project  a  little  way  over  the  point  of  the  lifUoff-pallet  t  n, 
but  not  so  close  but  that  the  point  of  the  pallet  may  pass  by  the  hooked  end 
of  the  spring  £F  without  touching  it;  the  head  of  the  adjusting-screw  m  is 
abo  supposed  to  bear  gently  on  we  inner  side  of  the  said  spring  £  F,  or 
tkat  nearest  to  the  wheel,  and  at  the  same  time  the  locking-pallet  is  so 
placed,  that  one  oi  the  teeth,  D,  of  the  balance-wheel,  mar  just  take  bold 
of  it.  This  pallet  is  not  visible  in  its  proper  pl»Se  in  the  ft^re,  being 
eoveied  from  sight  by  tbe  screw  m,  and  part  of  the  spring  £  F ;  its  position 
is  thcrsfbrt  represented  by  the  dot  k,  on  the  opposite  side  of  the  whtel, 

2l 


514  THB  OPBRATIVB   MBCHAKIC 

baWDg  the  iootli  A  jyst  bearing  up  against  it.  From  the  above  description 
of  the  leveral  parts  of  the  escapement,  and  their  connection  with  each  other, 
it  will  be  easT  to  see  the  mode  of  its  action,  which  is  as  follows : 

A  force  being  supposed  to  be  applied  to  the  balance-wheel,  so  as  to  cause 
it  to  move  round  in  £be  direction  of  the  letters  A  B  C  D,  one  of  the  teeth,  as 
D,  will  come  against  the  locking-pallet  (as  represented  at  A,  and  the  locking- 
ndlet  by  A.)    Ihe  wheel  is  then  said  to  be  locked,  being  prevented  from 
Deing  moved  forward  hj  this  pin.    Let  the  balance  be  now  supposed  to 
rest  iii  its  quieflcent  position^  and  it  will  have  the  situation  represented  in 
the  figure ;  the  lifUng-point  I  of  the  pallet  in  will  be  just  dear  of  the  pro^ 
jecting  end  of  the  slender  spring,  the  foce,  h  /,  of  the  large  pallet  M  S  K  vrill 
&11  a  little  below  the  point  of  the  tooth  B,  and  the  balance,  having  its  spiral 
or  helical  (meaning  cvlindrical)  spring  applied  to  it,  remains  perfectly  at 
rest  in  this  position.    Now,  as  the  oalance,  and  the  two  pallets  M  S  K  and 
t  n,  are  fixed  to  the  verge,  it  is  plain  they  must  all  move  together;  let,  there- 
fore, the  balsmce  be  carried  a  httle  way  round  in  the  direction  of  the  letters 
M  S  K :  by  this  motion,  the  end  t  of  the  lifting-pallet  i  n  will  be  brought  to 
press  up  against  the  projecting  end  of  the  slender  spring,  and  as  this  spring 
IS  fixed  on  the  side  of  toe  spring  £  F,  nearest  to  the  balance-wheel,  the 
•point  t  will  press  the  two  springs  together  out  of  the  balance-wheel ;  then, 
as  only  the,  point  of  the  tooth  D  (see  its  position  at  A)  touches  the  locking- 
pallet  when  the  spring  £  F  was  at  rest  against  the  head  of  the  screw  m,  it 
will,  by  the  spring  being  pressed  out  bom  the  tooth,  have  slipped  off;  (for 
the  locking-psdlet,  which  was  before  supposed  at  A,  will  now  be  at  a,  clear 
of  the  tooSi  A  of  the  balance-wheel  ;^  the  wheel  being  now  at  liberty,  will 
move  round  by  the  force  supposed  to  be  applied  to  it ;  but  as  ^e  point  t  of 
the  liiling-pallet  moves  on  and  presses  out  the  spring,  the  point,  t,  of  the 
large  pallet  approaches  towards  the  point  of  the  tooth  B  of  the  balance- 
wheel,  so  that  when  the  spring  £  F  is  sufficiently  pushed  out  to  unlock  the 
wheel,  the  point  I  of  the  large  pallet  will  be  got  to  d,  and  in  this  position 
the  point  ot  the  tooth  B  of  the  balance-wheel  will  fall  upon  it,  at  the  same 
time  the  point  of  the  tooth  D  has  just  dropped  off  from  the  locking^allet 
M  ;  the  foffce  of  the  wheel,  being  by  this  means  applied  to  the  top  of  the 
pHUet  A  /*,  gives  an  increased  momentum  to  the  balance,  and  assists  it  in  its 
motioQ  in  the  same  direction,  and  by  the  continued  motion  of  the  large 
paUet  in  the  direction  M  S  K,  the  point  of  the  tooth  B,  which  keeps  pressing 
and  urging  it  forward,  moves  up  towards  the  bottom  of  the  face  of  the  pallet 
towards  h,  nntil  the  plain  flat  surfaces  of  the  tooth  and  pallet  come  into 
contact ;  by  this  time  the  end  o  of  the  slender  spring  has  dropped  off  from 
the  point  t  of  the  lifUng-pallet,  and  the  two  springs  have  returned  ag^n 
into  their  qmesoent  position,  the  spring  £  F  gently  bearing  against  the  head 
of  the  adjusting  screw,  m,  and  the  lockmg-pallet,  in  a  position  to  receive  the 
next  tooth,  C,  of  the  balance-wheel.    Wlien  the  two  sur&ces  of  the  tooth 
and  pallet  are  thus  in  contact,  the  greatest  force  of  the  wheel  is  exerted  npon 
the  palUt,  and  of  course  npon  the  balance  moving  with  it.    The  tooth  still 
presn^Against  the  fiipe  of  the  pallet,  and  the  pallet  moving  in  the  direction 
M'SK,  it  at  Jast  drops  off,  leaving  the  balance  at  perfect  liberty  to  move 
on  in  the  same  direction  in  which  it  was  going.    Just  as  the  pomt  of  the 
tooth  B,  which  has  been  pressing  the  large  pallet  round,  is  ready  to  leave 
it,  the  next  tooth«  C,  of  the  whed  is  almost  in  contact  with  the  lockine- 
palletm,  so  that  the  instant  the  tooth  B  drops  offy  the  wheel  is  again  locked, 
and  the  action  of  that  tooth  on  the  balance  is  finished.     As  the  balance 
moves  with  the  greatest  freedom  upon  its  pivots,  the  force  of  the  tooth  hits 
given  it  a  considerable  velocity,  so  that  the  balance  still  keeps  moving  on 
in  the  same  direction,  after  the  pressure  of  the  tooth  is  removed  by  slipping 
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off  frota  the  {Mllfet,  until  the. force  pf  the  pendulain-spriDg,  (wliich  is  not 

represented  in  the  figure,)  being  continually  increased  oy  l^ing  wound  up,  j 

overcqxues  the  momentum  of  the  balance,  which  (or  an  instant  of  time  is 

then  stationary,  but  immediately  returns  by  the  action  of  the  pendulum-  i 

spring,  which  exerts  a  considerable  force  upon  it  in  unwinding  itself.    As  I 

the  balance  returns,  the  point  t,  of  the  lifting-pallet  t  n,  nasses  by  the  ends  | 

of  two  springs,  £F  and  Y  O,  and,  in  passing  by,  pushes  the  projecting  end  o  < 

of  the  slender  spring  in  towards  the  oalance-wheel,  until  it  has  passed  it ;  ! 

after  this,  the  projecting  end  o  again  returns,  and  applies  itself  close  to  the  I 

hooked  end  oTthe  spring  £  F  as  before.  The  spring  y  o  is  made  so  slender,  I 

that  it  |iyes  but  little  resistance  to  the  balance,  during  the  time  the  point  t 
of  the  lifting-pallet  is  passing  it,  and  of  course  causes  but  litde,  if  any,  de- 
crease in  its  momentum.  During  the  time  the  point  t  of  the  lifting-pailet 
is  pressing  in  the  small  spring  y  o,  the  long  spring  B  F  remains  steadily 
bearing  against  the  head  of  the  adjusting  screw  m,  as  the  hooked  end  at  o 
just  lets  the  end  of  the  lifting-pallet  pass  by  without  touching  it.  As  the 
spring  has  now  been  continually  actinff  upon  the  balance,  from  the  extremity 
of  its  vibration  in  the  direction  M  S  K,  it  has  given  it  the  greatest  velocity 
when  the  point  t  of  the  lifting-pallet  is  passing  the  end  o  of  the  slender 
spring;  for  at  this  insttot  the  spring  which  was  wound  up  by  tiie  contrary 
direction  of  the  balance,  is  now  unwound  again,  or  in  the  same  state  as  it 
was  in  its  quiescent  position  at  first,  and  of  course  has  no  effect  at  all  upon 
the  balance  in  either  direction ;  but  the  balance,  having  now  all  the  velocity 
it  would  acquire  from  the  unwinding  the  spring,  goes  on  in  the  direction 
S  M  K  until  the  force  of  this  spring  as^ain  stops  it,  and  brings  it  back  again, 
moving  in  the  same  direction  as  at  first,  with  a  considerable  velocity.  By 
this  return  of  the  balance,  the  point  t  of  the  lifting-pallet  comes  up  again  to 
the  projecting  end  o  of  the  slender  spring,  pushes  back  the  long  npring  £  F, 
and  unlocks  the  wheel ;  and  another  tooth  blling  upon  the  face  or  the  pallet 
h  ly  gives  fresh  energy  to  the  balance ;  and  thus  the  action  is  carried  on  as 
before. 

BSCAPBMSNTy  OR  "sCAPBMBNT. 

The  motions  of  a  clock  or  watch  ar6  regulated  by  a  pen- 
dulum or  balance,  which  serves  as  a  check,  without  which, 
the  wheels  impelled  by  the  weight  in  the  dock,  or  spring  in 
the  watch,  would  run  round  with  a  rapidly  accelerating 
motion,  till  this  should  be  rendered  uniform  by  friction,  and 
the  resistance  of  the  air ;  if,  however,  a  pendulum  or  balance 
be  put  in  the  way  of  this  motion,  in  such  numner  that  only 
one  tooth  of  a  wheel  can  pass,  the  revolutions  of  the  wheel 
will  depend  on  the  vibration  of  the  pendulum  or  balance.. 

We  know  that  the  motion  of  a  pendulum  or  balance  is 
alternate,  while  the  pressure  of  the  wheels  is  constantly 
exerted  in  the  same  direction.  Hence  it  is  evident  that  some 
means  must  be  employed  to  accommodate  these  different 
motions  to  each  t>tber.  Now,  when  a  tooth  of  the  wheel  has 
^ven  the  pendulum  or  balance  a  motion  intone  direction,  k 
must  quit  it,  that  the  jiendulum  or  bulance  may  receive  ah 
impnlsion  in  the  opposite  direction.  This  escaping  qi  tli« 
tooth  has  given  rise  to  the  term  ^ooftemmi. 

2l2 
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The  ordioarj  '3capemeiit  is  extremely  timp1e»  and  may  be  thus  illustrated. 
Let  4r  jr,  fig.  523,  represent  a  horixontal  axis,  to  which  the  pendulum  Is 
attached  by  a  slender  rod.  This  axis  has  two  leaves,  c  zndd^  one  near 
each  end,  and  not  in  the  same  plane,  bat  so  that  when  the  pendulom  hangs 
perpendicularly  at  rest,  e  spreads  a  few  degrees  to  the  right,  and  d  as  nmcfa 
to  the  left.  These  are  called  tlie  (Mdlets.  Let  mfb  represent  a  wheel, 
turning  on  a  perpendicular  axis,  e  o,  in  the  order  afe  b.  The  teeth  of  this 
wheel  are  in  the  form  of  those  of  a  saw,  leaning  ibrward  in  the  direction  of 
the  rim's  motion.  This  wheel  is  usually  called  the  eraum-wMei,  or  in 
watches  the  batmiee-whe^  It  in  general  contains  an  odd  number  of  teeth. 
In  the  figure  the  pendulum  is  represented  at  the  extremity  of  its  excursion 
towards  the  right,  the  tooth  a  having  just  escaped  from  the  pallet  c,  and  b 
having  just  dropped  on  d. 

Now  it  is  evident,  that  while  the  pendulum  is  moving  to  the  left,  in  the 
arc  p  g,  the  tooth  b  still  presses  on  the  pallet  d,  and  Sius  accelerates  the 
pendulum,  both  in  its  descent  along  p  h,  and  its  ascent  up  kg^  and  that 
when  dy  by  tumiiw  round  the  axis  xy,  raises  its  point  above  the  plane  of 
the  wheel,  the  tooth  b  escapes  from  it,  and  t  drops  on  c,  now  nearly  perpen- 
dicular. Thus  e  is  pressed  to  the  risht,  and  the  motion  of  the  pendtuum 
^ong  gf  is  accelerated.  Again,  while  the  pendulum  hangs  perpendiculariy 
in  the  Ime  » ^  the  tooth  b,  by  pressing  on  d,  will  force  the  pendulum 
to  the  lefty  in  proportion  to  its  lightness,  and  i£  it  be  not  too  heavy,  vrill 
force  it  so  for  from  the  perpendicular,  that  b  will  escape,  and  t  will  catch 
on  e,  and  force  the  pendulum  back  to  p,  when  the  same  motion  will  be 
repeated.  This  effect  will  be  the  more  remarkable  if  the  rod  of  the  pen- 
dultun  be  continued  through  xy,  and  have  a  ball  q,  on  the  other  en«i^  to 
balance  |». 

When  b  escapes  from  d^  the  balls  are  moving  with  a  certain  velocity  and 
momentum,  and  in  this  condition  the  balance  b  checked  when  t  catches 
on  e.  It  is  not,  however,  instantly  stopped,  but  continues  to  move  a  tittle 
to  the  left,  and  i  is  forced  a  little  Inckward  by  the  pallet  c.  It  cannot  make 
its  escape  over  the  top  of  the  tooth  t,  as  fl]l  the  momentum  of  the  balance 
vTas  generated  by  the  force  of  6,  and  i  is  of  equal  power.  Besides,  when 
i  catches  on  c,  and  the  motion  of  c,  to  the  left,  continues,  the  lower  point 
of  e  is  applied  to  the  face  of  t,  which  now  acts  on  the  balance  by  a  loa^ 
lever,  and  soon  stops  its  UMtion  in  that  direction,  and,  continuing  to  press 
on  c,  urges  the  balance  in  the  opposite  direction.  In  this,  it  is  evident  that 
the  motion  of  the  wheel  is  hobbUng  and  unequal,  by  which  this  escapement 
has  received  the  appellation  of  the  reeoiUng  *9capement. 

In  considering  the  utility  of  the  following  improved  'scape- 
ment  for  docks,  we  must  keep  in  mind  the  following  propo- 
sition, which,  after  the  above  illustration,  scarcely  reqmres 
any  proof.  It  is,  that  the  natural  vibrations  of  a  peudulom 
are  UochranouSy  or  are  performed  in  equal  times*  The  great 
object'  of  the  'scapement  is  to  preserve  this  isochronous 
motion  of  the  pendulum. 

As  the  defect  of  the  recoiling  'scapement  was  long  ap- 
parent, several  ingenious  artists  attempted  to  substitute  in 
Its  place  a  'scapement  that  sliould  produce  a  more  r^^ular 
and  uniform  motion.  Of  these,  the  'scapement  contrived  by 
Mr.  Cumniing  appears  to  be  one  of  the  most  ingenious  in  its 
construction,  and  most  perfect  in  its  operation »    The  foUow- 
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ing  construction  is  similar  to  that  of  Mr.  Cumming,  but 
rendered  rather  less  complex  for  the  purpose  of  shortening 
the  desctiption. 

Let  A  BC,  fig.  524,  represent  a  portion  of  tbe  swing-wheel,  of  which  O 
is  tbe  centre,  and  A  one  of  the  teeth,  and  Z  the  centre  of  the  crutch,  the 
|>a]let8,  and  pendulum.  The  crutch  is  represented  of  the  form  of  the  letter 
A,  having  in  the  circular  cross-piece  a  slit  t  k,  which  is  also  circular,  Z  being 
the  centre.  The  arm  Z  F  forms  the  first  detent,  and  the  tooth  A  is  repre- 
seuted  as  looked  on  it  at  F.  D  is  the  first  pallet  on  the  end  of  the  arm  z,  d, 
movable  lound  the  same  centre  with  the  detents,  but  independent  of  them. 
The  arm,  de,Xo  which  the  pallet  D  is  attached,  lies  wholly  behind  the  arm  Z  F 
of  the  detent,  being  fixed  to  a  round  piece  of  brass,  efg,  having  pivots 
turning  concentric  with  the  axis  of  the  pendulum.  To  the  same  piece  of 
brass  is  fixed  the  horizontal  arm  e  H,  canying  at  its  extremity  the  ball  H, 
of  such  size  that  the  action  of  the  tooth  A  on  the  pallet  D  is  just  able  ^o 
raise  it  up  to  the  position  represented.  Z  Fp  represents  the  fork,  or  ptn^ 
dulum-rod,  behind  both  detent  and  pallet.  A  pin  p  projects  forward^ 
coming  through  the  slit  t  A,  without  touching  either  margin  of  it.  Attached 
to  the  fork  is  the  arm  m  ft,  of  such  length  that,  when  the  pendulum-rod  Is 
perpendicular,  the  angular  distance  of  n  q  from  the  rod  ^  ^  H  is  just  equal 
to  the  angular  distance  of  the  left  side  of  tne  pin  p  from  the  left  end  t  of  the 
aUti*. 

Now  the  natural  position  of  the  pallet  D  is  at  8,  represented  by  the  dotted 
lin^  resting  on  the  back  of  the  detent  F.  It  is  naturally  brought  into  this 
position  by  its  own  weight,  and  still  more  by  the  weight  of  the  ball  H. 
The  pallet  D,  being  set  on  the  foreside  of  the  arm  at  Z,  comes  into  the  same 
plane  with  the  detent  F  and  the  swing-wheel,  though  represented  in  the 
figure  in  a  difSarent  position.  Tlie  tooth  C  of  the  wh^l  is  supposed  to  have 
escaped  from  thjC  second  pallet,  on  which  the  tooth  A  immediately  seises 
the  pallet  D,  situated  at  8,  forces  it  out,  and  then  rests  on  the  detent  F,  the 
pallet  D  leaning  on  tbe  tip  of  the  tooth.  After  the  escape  of  C,  the  pen- 
dulum, moving  down  the  arch  of  semi-vibration,  is  represented  as  having 
attained  the  vertical  position.  Proceeding  still  to  the  left,  the  pin  p  reaches 
the  extremity  i  of  the  slit  t  k;  and,  at  the  same  instant,  the  arm  n  touches 
the  rod  eKin  q.  The  pendulum  proceeding  a  hairVbreadth  further,  with- 
draws the  detent  F  from  the  tootn,  which  now  pushes  off  the  detont,  by 
acting  on  the  inclining  fiice  of  it. 

Tlie  wheel  being  now  unlocked,  the  tooth,  following  C  on  the  other  side^ 
actjs  on  iu  pallet,  pushes  it  off,  and  rests  on  its  detent,  which  has  been 
rapidly  brought  into  a  pisoper  position  by  the  action  of  A  on  .the  inclmed 
face  of  F.  By  a  similar  action  of  C  on  its  detent  at  the  moment  of  escape, 
¥  was  brought  into  a  position  proper  for  the  wheels  being  locked  by  the 
tooth  A.  As  the  penaulum  still  goes  on,  the  ball  U,  and  pallet  connected 
with  it,  are  carried  bv  the  arm  mn,  and  before  the  pin  p  again  reaches  the 
end  of  the  slit,  which  had  been  suddenly  withdrawn  by  the  action  of  A  on 
F,  the  pendulum  comes  to  rest.  It  now  returns  towanls  the  right,  loaded 
with  the  ball  H  on  the'left,  and  thus  the  motion  lost  during  the  last  vibration 
is  restored.  When  the  pin  /i,  by  its  motion  to  the  right,  reaches  the  end  k 
of  i  kf  tbe  wheel  on  the  right  side  is  unlocked,  and  at  the  same  instant  the 
weieht  H,  being  raised  from  the  pendulum  by  the  action  of  a  tooth  like  B 
on  the  pallet  D,  ceases  to  act. 

In  this  'soapement,  both  pallets  and  detents  are  detached 
from  the  pendulum^  except  in  the  moment  of  unlockhig  the 
'ivheel^  so  that,  excepting  during  this  short  inten-al,  the  pei) 
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dulum  may  be  said  to  be  free  during  its  whole  vibration^  and 
of  course  its  motion  must  be  more  equable  and  undisturbed. 

The  constructing  of  a  proper  'scapement  for  watches 
requires  peculiar  delicacy,  owing  to  the  small  size  of  the 
machine,  from  which  the  error  of -rfir  of  an  inch  has  as  much 
effect  as  the  error  of  a  whole  inch  in  a  common  clock. 
From  the  necessary  lightness  of  the'  balance  too,  it  is  ex- 
tremely difficult  to  accumulate  a  sufficient  quantity  of  regu- 
lating power.  This  can  only  be  done  by  giving  the  balance 
a  great  velocity,  which  is  effected  by  concentrating  as  much 
as  possible  of  its  weight  in  the  rim,  and  making  its  vibrations 
very  wide.  The  balance-rim  of  a  tolerable  watch  should 
pass  through  at  least  ten  inches  in  every  second. 

In  considering  the  most  proper  'scapements  for  watches, 
wc  may  assume  the  following  principle ;  viz. :  that  the  oscil^ 
lations  of  a  balance  ur^d  by  its  spring,  and  undisturbed  by 
extraneous  forces,  are  isochronous. 

In  ordinary  pocket-watches,  the  common  recoiling  'scape- 
ment  of  clocks  is  still  employed,  and  answers  the  common 
purposes  of  a  watch  tolerably  well,  so  that,  if  properly  exe- 
cuted, a  good  ordinary  watch  will  keep  time  within  a  minute 
in  the  day.  These  watches,  however,  are  subject  to  gresC 
variation  in  their  rate  of  going,  from  any  change  in  the  powei 
of  the  wheels. 

The  (bllowing  is  considered  as  the  best  construction  of  the  common  waior 
'foapementy  and  is  represented  by  fig.  535,  as  it  appeals  when  looking  straigh. 
down  on  the  end  of  the  balance  arbor.  C  marks  the  centre  of  the  balance 
and  verge;  C  A  represents  the  npper  pallet,  or  that  next  the  balance,  and 
G  B  the  lower  pallet ;  P  and  D  are  two  teeth  of  the  crown-wheel,  moving 
from  left  to  right;  B  G  are  two  teeth  in  the  lower  part,  moring  from  right 
to  left.  The  tooth  D  appears  as  having  just  escaped  from  the  point  of  C  A, 
and  the  tooth  E  as  havrng  just  come  in  contact  with  C  B.  In  practice,  the 
'soapement  should  not  be  quite  so  close,  as,  by  a  small  inequality  of  the  teeth, 
D  might  be  kept  from  escaping  at  all.  In  the  best  proportioned  watches,  the 
distance  between  the  ffmit  of  Uie  teeth,  that  is,  of  G  F  £  D,  and  the  axis  C  of 
the  bahmoe,  is  J  of  F  A,  the  distance  between  the  points  of  the  teech.  The 
length  C  A,  C  B,  of  the  pallets  is  )  of  the  same  degrees,  and  the  front  D  H, 
or  F  K  of  the  teeth  makes  an  angle  of  25*  with  the  axis  of  the  crown-wheel. 
The  sloping  side  of  the  tooth  must  be  of  an  epicydoidal  form,  suited  to  the 
jelative  motion  of  the  tootii  and  pallet. 

It  appears  from  these  proportions,  that  by  the  action  of  the  tooth  D, 
the  pallet  A  can  throw  out  till  it  reach  a,  120»from  C  L,  the  line  of  the 
crown-wheel  nxu.  To  this  if  we  add  B  C  A  »95«,  we  shaU  have  L  C  a  »ldOo. 
Again,  B  will  throw  out  as  fiir  on  the  other  side.  Now,  if  from  240»,  die 
sum  of  the  extent  of  vibration  of  both  pallets,  we  take  95^  the  angle  of  the 
pallets,  the  remainder  145«  will  express  the  greatest  vibration  which  the 
baUnce  can  make  without  striking  tlie  front  of  the  teeth.  From  several 
causes,  however,  this  measure  is  too  great,  and  120o  is  reckoned  a  su£^ent 
vibration  in  the  best  ordinajy  'scapcmetit.    EnnjclaptcdiaBrUaHHica, 
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In  1812,  Mr.  Prior,  jun.  was  rewarded  by  the  Society  of 
Alts  for  the  construction  of  a  remontoire  escape  which  po8« 
scsses  considerable  merit. 

The  advantage  of  this  escapement  is  such  as  will  give  an 
exact  and  equal  impulse  to  the  pendulum  without  any  friction, 
and  which  cannot  be  at  all  affected  by  any  irregularities  or 
variations  arising  by  the  clogging  of  oil  and  increasing  of 
friction  from  the  train,  except  during  the  very  small  part  of 
the  vibration  that  the  pendulum  is  removing  the  spring  detents 
from  off  the  points  of  the  teeth  of  the  escape-wheel,  the  effect 
of  which  can  never  be  discovered  m  the  rate  by  any  variation 
the  oil  on  the  pivots  and  the  increase  of  friction  can  ever 
produce,  as  long  as  the  wheels  will  be  able  to  wind  up  the 
renovating  spring,  which  will  be  neariy  as  long  as  they  can 
move  lit  all,  as  the  renovating  spring  has  not  either  to  be 
wound  up  quick,  or  to  be  pushed  beyond  any  catch  or  spring  to 
keep  it  in  its  proper  situation,  nor  can  there  ever  be  any  increase 
of  friction  in  winding  up  the  renovating  spring,  as  it  is  formed 
in  nearly  as  right  a  hne  as  possible ;  consequently  must  go 
almost  endlessly  without  cleaning,  and  will  never  require  any 
oil. 

The  swing-wheel  A,  figs.  526  and  627*,  has  thirty  teeth  cut  in  its  peri- 
phery, and  is  constantly  urged  forward  by  the  maintaining  power,  which  is 
supplied  by  a  small  weight  X,  fiffs.  527  and  527* ;  C  D  are  two  spring 
detents  catching  the  teeth  of  the  wheel  alternately,  these  are,  at  the  proper 
intervals,  unlocked  by  the  parts  marked  2  and  3,  fig.  526,  upon  the  pen- 
dulum rod  H,  intercepting  small  pins  ab,  fig.  527,  projecting  from  the 
detents,  as  it  vibrates  towards  the  one  or  the  other ;  £  is  the  renovating  or 
remontoire  spring,  fixed  to  the  same  stud  F,  as  the  detents ;  it  is  wound  up 
by  tiie  highest  tooth  of  the  wheel,  as  seen  in  fig.  526,  (its  position  when  un- 
wound being  shown  by  the  dotted  line.)  Ihis  being  a  case,  suppose  a  tooth 
of  the  wheel  is  caught  by  the  detent  D,  which  prevents  the  wheel  from 
moving  any  further^  and  keeps  the  renovating  spnng  from  escaping  ofi*  the 
point  of  the  tooth ;  in  this  position,  the  pendulum  is  quite  detached  from 
the  wheel ;  now,  if  the  pendulum  be  caused  to  vibrate  towards  G,  the  part 
of  it  marked  2  comes  against  the  pin  b,  fig.  527,  projecting  from  the  renovat- 
ing spring  £,  and  pushes  this  spring  nom  the  point  of  the  wheel's  tooth ; 
on  viorating  a  little  further,  it  removes  the  detent  D,  which  detained  the 
wheel,  by  the  part  3  striking  the  pin  a,  fig.  2,  which  projects  from  the  detent ; 
the  maintaining  power  of  the  clock  causes  the  wheel,  thus  unlocked,  to  ad- 
vance, until  detamed  br  a  tooth  resting  upon  the  end  of  the  detent  C,  on 
the  opposite  side ;  b^  this  means  the  renovating  spring  will  be  clear  of  the 
tooth  of  the  wheel  as  it  returns  vnth  the  pendulum,  and  gives  it  an  impulse, 
by  its  pin  b  pressing  against  the  part  2  of  the  pendulum,  until  the  spring 
cotnes  to  the  position  shown  by  the  dotted  line,  ik  which  position  it  is  un- 
wound, and  rests  a^nst  a  pin  fixed  in  the  cross  bar  of  the  plate ;  the  pen- 
dtdam  continues  vibrating  towards  I,  nearly  to  the  extent  of  its  vibration, 
when  the  part  1  meets  Sie  pin  in  the  detent  C,  and  removes  it  from  the 
wheel,  and  unlocks  it ;  the  maintaining  power  now  carries  it  forward, 
pushing  the  renovating  spring  £  before  it,  until  another  tooth  is  caught  by 
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tb«  detent  D,  whicb  dctaini  the  wheel  in  the  position  fint  described^  the 
renoTating  spring  being  wound  up  readj  to  giTe  another  impulse  to  the 
pendulum. 

The  pin  h,  fig.  527,  is  not  fixed  to  the  renovating  spring  itself,  but  is  part  of 
a  piece  of  brass,  which  is  screwed  &st  to  the  renovating  spring,  and  is  made 
rery  slender  near  the  screw  which  fitftens  it ;  this  permits  the  renovating  spring 
to  in^e  way,  it,  by  the  weight  being  taken  on  the  dock,  or  any  otfier  ac- 
cident, the  escape-wheel  should  be  wound  badLwards,  so  as  to  catch  on  the 
detents  improperly. 

In  this  escapement  it  is  necessary  to  attend  to  die  following 
observations : 

Ist.  That  the  renovating  and  detent  springs  must  spring 
from  one  centre,  and  as  siimlarly  as  possible. 

2dly.   That  the  force  applied  to  the  tndn  must  be  so  much 
more  than  what  will  wind  up  the  renovating  spring,  as  will 
overcome  the  influence  of  oil  and  friction  on  the  jHvots  of  the  . 
machine. 

3dly.  That  the  renovating  spring,  when  unwound,  must  rest 
against  the  point  of  the  tooth  of  the  wheel,  which  will  be  an 
advantage,  as  it  thereby  takes  as  much  force  off  the  tooth  of 
the  wheel  resting  against  the  detent  spring  as  is  equal  to  the 
pressure  of  the  renovating  spring  C,  against  the  &ce  of  the 
tooth  of  the  wheel. 

4thly.  The  detent  springs  niust  be  made  as  3l^ndcr  and 
light  as  possible,  though  whatever  force  they  take  from  the 
pendulum  by  their  elasticity  in  removing  them  to  unlock  the 
wheel,,  so  much  force  they  return  to  the  pendulum  in  follow- 
ing it,  to  where  it  removed  them  from,  therefore  action  and 
reaction  will  be  equal  in  contrary  directions. 

5thly.  That  it  is  necessary  for  the  pendulum  to  remove  the ' 
detents  or  renovating  springs,  much  further  than  it  is  neces- 
sary to  free  the  teeth  of  the  wheel,  as  it  will  always  vibrate 
on  the  same  arc ;  in  table  clocks  it  ought  to  remove  them 
further,  so  that  it  can  go  when  not  placed  exactly  level,  or 
what  is  generally  termed  out  of  the  beat. 

The  following  description  of  a  clock  escapement,  contrived 
by  Mr.  Reid,  about  twelve  or  fifteen  years  ago,  is  extracted 
from  the  Edinburgh  £ncyclopiBdia : 

Fig.  528.  S  W  is  the  swing-wheel,  whose  diameter  may  be  so  large  as  to 
be  sufficiently  free  of  the  arbor  of  the  wheel  tlutt  runs  into  its  pinion,  which 
in  eight-day  clocks  is  the  third.  The  teeth  of  tfiis  swing-wheel  are  cut  thus 
deep^  in  order  that  the  wheel  may  be  as  light  as  possible,  and  the  strength  of 
the  teeth  little  more  than  Vhat  is  necessary  to  resist  the  action  or  force  of  at 
common  clock  weight  through  the  wheels.  They  are  what  may  be  called 
the  locking-teeth,  as  will  be  more  readily  seen  from  the  use  of  them  after- 
wards to  be  explained.  Those  called  the  impulse-teeth,  consist  of  very 
small  tempered  steel  pins,  inserted  on  the  surface  of  the  rim  of  the  wheel  on 
one  5ide  only.    They  are  nearly  two-tenths  of  an  inch  in  height ;  and  lite 
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smaller  they  are  so  much  xnoie  room  ^U  be  given  for  the  thickness  of  the 
pallets.    If  they  have  strength  to  support  about  80  or  100  grains,  Ihey 
will  be  strong  enqugh.    There  is  no  rule  required  for  placing  them  relatively 
to  the  locking-teeth,  only  they  may  as  well  be  opposite  to  these  teeth 
as  any  %vhere  else.    P  P  are  the  pallets  whose  centre  of  motion  is  the  same 
as  that  at  the  verge  at  a.    These  pallets  are  formed  so  as  to  have  the  arms 
sufficiently  strong,  and  at  the  same  time  as  light  as  may  be.    That  part 
where  the  arms  meet  at  the  angle  at  a,  has  a  steel  socket  made  out  of  the 
same  niece  as  the  anns,  being  fiirged  toj^ether  in  this  manner.    The  socket . 
is  mace  to  fit  well  on  l3ie  verge,  on  which  it  is  only  twisted  fast,  and  is 
turned  pretty  small  on  the  outside,  in  order  to  allow  the  arbors  of  the  detents  to 
be  laid  as  dose  to  the  verge  as  may  be,  so  that  their  centres  of  motion  may 
coincide  as  nearly  as  possible.    A  perfect  coincidence  of  the  centres  might 
be  obtained  by  using  a  hollow  cylinder  foi  the  verge,  with  the  detent-arbors 
running  inside  of  it,  but  this  would  have  occasioned  more  trouble.    That 
port  of  the  pallet  frame,  as  it  may  be  called,  in  which  is  set  the  stone  for 
receiving  the  aeticn  or  impulse  of  the  small  pin  teeth,  is  formed  into  a  rect- 
angular shape,  so  as  to  allow  room  for  a  dove-tail  groove,  into  which  the' 
stone  pallets  are  fixed,  as  may  be  seen  at  P  P,  fig.  528,  and  P,  fig.  529, 
which  also  gives  a  side  view  of  the  verge  at  a,  and  where  the  socket  of  the 
pallets  is  seen  as  fixed  on  the  verge.    At  B,  fig.  529,  is  seen  the  outer  end 
of  one  of  the  stone  pallets  made  flush  with  the  steel.    That  part  of  tlie  stone 
pallets  upon  which  the  pin  teeth  act,  may  be  seen  in  fig.  528,  where  they 
are  represented  in  their  respective  positions  relative  to  the  pin  teeth.    Their 
shape  or  fonn  is  exactly  that  which  gives  the  dead  beat.    In  fig.  528  are 
seen  the  detents  tf  <<^  whose  centre  of  motion  is  at  cc.    They  are  fixed  on 
their  arbors  by  a  thin  steel  socket,  made  as  forged  with  the  detents,  much 
in  the  same  way  as  the  pallets  were,  as  may  be  seen  at  c,  fig.  530,  which 
gives  a  side  view  of  one  of  the  detents  and  its  arbor.    The  screws  e  Sfff,  in 
the  arms  of  the  detents,  have  a  place  made  to  receive  them,  wliich  is  moifr 
readily  seen  in  fig.  530,  than  in  fig  528.    The  screws  e  t  serve  for  the  pur- 
pose of  adjusting  that  part  of  the  'scapement  connected  with  the  pallets 
pushing  the  detents  out  from  locking  the  wheel,  by  means  of  locking  the 
teeth.    The  ends  of  the  screws  e  e,  on  the  unlocking,  are  met  by  the  ends  of 
the  stone  pallets,  one  of  which  is  represented  at  6,  fig.  529.    The  screws  // 
seem  to  adjust  the  locking  of  the  wheel-teeth  on  the  detents ;  ^  ^  are  brass 
rectangular  pieces,  or  studs,  which  are  fixed  to  the  inside  of  the  pillar  frame 
plate,  and  may  be  near  an  inch  high.    The  ends  of  the  screws  //  rest  on 
the  side  of  these  studs,  and  according  as  they  are  more  or  less  screwed 
through  at  the  ends  of  the  detents,  so  much  less  or  more  hold  will  the  de-     ' 
tent  piece  have  of  the  teeth.  These  holding  pieces  of  the  detents  are  not 
represented  in  the  drawing,  as  they  would  have  made  other  parts  of  it  rather 
obscure.    They  are  made  of  stone,  and  are  fitted  in  by  means  of  a  dove- 
tail cut  in  a  piece  left  for  that  purpose,  on  the  inside  of  the  detent-arms,  as 
may  easily  be  conceived  from  the  drawing,  where  it  is  represented  in  part  at 
e,  fig.  530 ;  and  is  in  Uie  line  across  the  arm  with  the  screw  e,  which  is 
close  by  the  edge  of  the  detent  stone  piece,  which  projects  a  little  beyond 
the  end  of  the  screw.    Haviiig  described  the  parts  of  the  'scapement,  we 
shall  now  explain  their  mode  of  action.    On  the  left-hand  side  the  pin  tooth 
is  repeaented  as  having  just  escaped  its  pallet,  as  seen  in  .fig.  528 ;  but 
previous  to  its  having  got  on  to  the  nanch  of  this  pallet,  let  us  conceive  that  the 
back  of  the  pallet,  or  end  piece  6  of  it,  had  come,  in  consequence  of  the 
motion  of  the  pendulum,  to  that  side,  and  opposing  the  screw  e,  which  is 
in  the  detent  arm,  pushes  or  carries  it  on  witli  it,  and  consequently  unlocks 
the  toolh  of  the  wheel,  which  then  endeavours  to  get  forward,  but  the  pin 
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tooth  at  this  instant  of  unlocking,  meetingwith  the  flaadi  of  the  pallet  at  the 
lower  edge  inside,  and  pushing  forward  on  die  flanch,  by  this  means  im- 
pels  the  pendulum,  and  after  having  escaped  the  pallet,  the  next  locking 
tooth  is  receired  by  the  detent,  on  the  right-hand  side,  where  the  wheel  is  now 
again  locked.  In  the  mean  time,  while  the  pendulum  is  describing  that  part  of 
its  vibration  towards  the  left  hand  free  and  detached,  as  the  pallets  are  now  at 
liberty  to  move  fieehr  and  independently  of  the  small  pin  teeth,  on  the  retnm 
of  the  pendulum  to  ue  right-hand  side,  the  detent,  by  means  of  the  pallet  on 
that  side,  is  poshed  out  from  locking  the  whed,  and  at  the  instant  of  unlodc. 
ing,  the  wheel  gets  forward,  and  the  pin  tooth  is  at  the  same  instant  ready 
to  get  on  the  flanch  of  its  pallet,  and  gives  new  impolse  to  the  penduliiB,  as 
is  obWous  by  what  is  represented  in  the  drawing,  fig.  528.  After  the  pin 
tooth  has  escaped  the  pallet,  the  wheel  is  again  locked  on  the  opposite  or 
left-hand  side ;  the  pendulum  moves  on  to  the  right  freely  and  independently 
till  the  neict  locking  on  tlie  left  takes  place,  and  so  on.  It  may  be  observed, 
that  the  unlocking  takes  place  when  tne  paidulum  is  near  the  lowest  point, 
or  point  of  rest,  and  of  course  where  its  mroe  is  neady  a  nanmnm. 

Without  attaching  any  thing  to  the  merits  of  this  'scape* 
ment,  we  may  remark  that  the  dock  was  observed  from  tmie 
to  time  by  a  very  good  transit  instmment,  and,  during  a 
period  of  eighty-three  days,  it  kept  within  the  second,  with- 
out any  interim  apparent  deviation.  This  degree  of  time- 
keeping seemed  to  be  as  much  a  matter  of  accident  as  other- 
mse ;  and  cannot  reasonably  be  expected  from  this  or  any 
other  clock  as  a  fixed  or  settled  rate. 

This'scapement  being  a  detached  or  free  'scapement,  can  at 
pleasnre  be  converted  into  a  recoiling  or  dead  beat  one,  without 
so  much  as  once  disturbing  or  'stopping  the  pendulum  a 
single  vibration.  To  make  dead  beat  of  it,  put  in  a  peg  of 
wood,  or  small  wire,  to  each,  so  as  to  raise  the  detents  free  of 
the  pallets ;  and  these  being  left  so  as  to  keep  them  in  the 
position,  the  pin-teeth  will  now  fall  on  the  circular  parts  of 
the  pallets,  and  so  on  to  the  flanch,  and  the  ^scapement  is 
then,  to  all  intents  and  purposes^  a  dead  beat  one.  To  make 
a  recoiling  one  of  it,  let  there  be  fixed  to  each  arbor  of  the 
detents,  a  wire  to  project  horizontally  frxim  them  about  3f  or 
4  niches  long ;  the  outer  ends  of  the  wires  must  be  tapped 
about  half  an  inch  in  length  ;  provide  two  small  brass  haWsy 
half  an  ounce  weight  each^  having  a  hole  through  them,  and 
tapped  so  as  to  screw  on  the  wires ;  the  balls  can  be  put 
more  or  less  home,  and  be  adjusted  proportionably  to  the 
force  of  the  clock  on  the  pendulum.  No  recoil  will  be  seen  on 
the  seconds'  hand;  yet  these  will  alternately  oppose  and 
assist  the  motion  of  the  pendulum,  as  much  as  any  recoiling 
pallets  can  possibly  do  ;  and  as  their  efforts  on  the  pendulum 
will  be  exactly  the  same,  it  may  be  oonsideied  as  a  good 
recoiling  'scapement.  This  sort  of  detached  'scapemeut,  1^ 
becoming  a  dead  beat,  or  a  recoiling  one^  at  any  time  whc^n 
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remdred,  makeB  it  convenient  for  making  varions  experiments 
With  the  Afferent  'scapements. 

Another  'acapement,  in  which  a  considerable  degree  of 
ingenuity  is  united  with  comparative  simplicity^  is  that  of 
Mr.  De  Lafons.  The  inventor  s  description,  and  some  of  his 
observations,  as  presented  to  the  Society  of  Arts,  are  as 
follows : 

^Although  the  giring  of  an  eqoal  impulse  to  the  bahince  has  been 
already  most  ingeniously  done  by  Mr.  Mudge  and  Mr.  Haley,  (from  whose 
great  merit  I  would  not  wish  to  detract,)  yet  the  extreme  difficulty  and 
expense  attending  the  first,  and  the  reiy  compound  locking  of  the  second, 
render  tiiem  far  from  completing  the  desired  object. 

**  The  perfections  and  advantages  arising  from  my  improvements  on  the 
remontmre  detached  'soapement  for  chronometers,  whidi  gives  a  perfectly 
equal  impulse  to  the  balance,  and  not  only  entirely  removw  whatever 
irregularities  arise  from  the  diffiurent  states  of  fluidity  in  the  oil,  from  the 
train  of  wheels,  or  from  the  mainspring,  but  does  it  in  a  simpler  way  than 
any  with  which  I  am  acquainted.  I  trust  it  will  not  be  thought  improper 
in  me  to  answer  some  objections  made  at  the  examinations  before  the 
committee,  as  I  am  fully  persuaded  the  more  mathematically  and  critically 
Ae  improTements  are  investigated,  the  more  perfect  they  will  prove  to  be. 

^  It  was  first  observed,  that  my  method  did  not  so  completely  detadi 
the  t^in  of  wheels  from  the  balance  as  another  'scapement  then  referred 
to.  I  beg  leave  to  remark,  that  the  train  of  wheels  in  mine  is  prevented 
from  pressing  against  the  locking  by  the  whole  power  of  the  remontoire* 
spring ;  so  that  the  balance  has  only  to  remove  the  small  remaining  pressure, 
which  does  away  that  objection,  and  also  that  of  the  disadvantage  of 
detents,  as  this  locking  may  be  compared  to  a  light  balance  tuning  oo 
fine  pivots,  without  a  pendulum-spring;  and  has  only  the  advantaee  of 
bankmg  safe  at  two  turns  of  the  balance,  and  of  being  firmer,  ana  less 
liable  to  be  out  of  repair,  than  any  locking  where  spring-work  is  used,  but 
likewise  of  unlocking  with  much  less  power.  It  vraa  then  observed,  it 
required  more  power  to  make  it  go  than  usual.  Permit  me  to  say,  it 
requires  no  more  power  than  any  other  remontoire-*scapement,  as  the 
power  is  applied  in  the  most  mechanical  manner  possible.  And,  lastly,  it 
was  said,  that  it  net  or  required  the  balance  to  vibrate  an  unusually  large 
arch  before  the  piece  would  go.  This  depends  on  the  accuracy  of  the 
execution,  the  proportionate  diameter  and  weight  of  the  balance,  the 
strength  of  the  remontoire-spring,  and  the  length  of  the  pallets.  If  these 
circumstances  are  well  attended  to,  it  will  set  but  little  more  than  the  most 
generally  detached  *scapements." 

A  shows  the  scape-wheel,  fig.  534. 

B,  the  lever-paliet,  or  an  arbor  with  fine  pivots,  having  at  the  lower 
•nd, 

C,  the  remontoire  or  spiral  spring  fixed  with  a  collar  and  stud,  as 
pendulum-springs  are. 

D,  the  pallet  of  the  verge,  having  a  roller  turning  in  small  pivots  for  the 
lever-pallet  to  act  again^. 

K,  pallets  to  discharge  the  locking,  with  a  roller  between,  as  iu  fig.  535. 

F,  Uie  arm  of  the  locking-pallet  continued  at  the  other  end  to  make  it 
poise,  having  studs  and  screws  to  adjust  and  bank  the  quantity  of  motion. 

a  and  b,  the  Tocking-pollets,  being  portions  of  circles,  fastened  on  ati 
^bor  turning  on  fine  pivots. 
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G,  the  triple  fork,  at  the  end  of  the  arm  6f  the  lockklg-paUets. 

*'  Tlie  centre  of  the  leTer-pallet  in  the  draft,  is  in  a  right  line  between 
tlie  centre  of  the'scape»wheel  and  the  centre  of  the  verge,  though  in  the 
model  it  is  not :  but  may  be  so  or  not,  as  best  suits  the  calliper,  £c. 

'*  The  scape<wheel  A,  with  the  tooth  1,  is  acting  on  the  leTei^^paliet  B, 
and  has  wound  up  the  spring  C;  the  verge  pallet  D  (fuming  tb^  way 
represented  by  the  arrow)  the  moment  it  comes  within  the  reach  of  the 
lever-pallet,  the  discharging  pallet  E,  taking  hold  of  one  prong  of  the  fork, 
lemoves  the  arm  F,  and  relieves  the  tooth  3  from  the  convex  part  of  the 
lock  a.  The  wheel  goes  forward  a  little,  just  sufficient  to  permit  the  lever- 
pallet  to  pass,  while  the  other  end  gives  the  impulse  to  the  balance :  the 
tooth  4  ot  the  wheel  is  then  looked  on  the  concave  side  of  the  lock  ^, 
and  the  lever-pallet  is  stopped  against  the  tooth  5,  as  in  %.  536.  So 
hi  the  operation  of  giving  the  impulse,  in  order  again  to  wind  the 
remontoire-spring,  (the  other  pallet  at  £,  in  the  return,  removing  the  arm  F 
the  contrary  direction,)  relieves  the  tooth  3  from  the  lock  b.  The  wheel 
again  goes  forward,  almost  the  whole  space,  from  tooth  to  tooth,  winds  the 
spiral  spring  again,  and  comes  into  the  situation  of  fig.  534,  and  thus  the 
whole  performance  is  completed.  The  end  of  the  lower  pallet  B  resting  on 
the  point  of  the  tooth  1,  prevents  the  wheel  exerting  its  full  force  on  the 
lock  a,  as  in  fig.  534.  The  same  efiect  is  produced  by  the  pallet  Wing  on 
the  tooth  5,  by  preventing  the  wheel  from  pressing  on  6 ;  and  thus  the 
locking  becomes  the  tightest  possible.  Tliis  'scapement  may  be  much 
simplified  by  putting  a  spring  with  a  pallet  made  in  it,  as  in  fig.  534, 
instead  of  the  lever-pallet  and  spiral  spring.  The  operation  will  be  in 
other  respects  exactly  the  same,  avoiding  the  friction  of  the  pivots  of  the 
lever-pallet.  This  method  I  prefer  for  a  piece  to  be  in  a  state  of  rest,  as  a 
dock,  but  the  disadvantage,  from  the  weight  of  the  spring  in  different 
positions,  is  obvious.  The  locking  may  be  on  any  two  teeth  of  the  wheel, 
as  may  be  found  most  convenient.*' 

PENDULUMS. 

The  peiidulani  is  a  simple  ponderous  body,  bo  suspended, 
that  it  may  swing  backwards  and  forwards,  about  some  fixed 
point,  by  the  mere  force  of  gravity. 

These  alternate  ascents  and  descents  of  the  pendulum  are 
called  it&  oscillations^  or  vibrations ;  each  oscillation  being 
the  arc  which  the  pendulum  debcribes  from  the  highest  point 
on  one  side  to  the  highest  point  on  the  other  side.  The  point 
round  which  the  pendulum  moves,  or  vibrates,  is  called  the 
axis  of  stispension^  or  ceiitre  of  motion  ;  and  a  right  line  drawn 
through  the  centre  of  motion,  parallel  to  the  horizon,  and  per- 
pendicular to  the  plane  in  which  the  pendulum  moves,  is  called 
the  axis  of  oscillation.  There  is  also  a  certain  point  within 
every  pendulum,  into  which,  if  all  the  matter  that  compoaes 
the  pendulum  were  collected,  or  condensed,  as  into  a  point, 
the  times  in  which  the  vibrations  would  be  performed  would 
not  be  altered  by  such  condensation ;  and  this  point  is  called 
the  centre  of  oscillation.  The  length  of  the  pendulum  is 
always  estimated  by  the  distance  of  this  point  belo^'  the 
centre  of  motion,  being  usually  near  the  bottom  of  the  pen- 
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diilum ;  bnt  in  a  slender  cylinder^  or  any  other  uniform  prism 
'  or  rod  suspended  at  the  top,  it  is  at  the  distance  of  one-third 
from  the  bottom,  or  two-thirds  below  the  centre  of  motion. 

The  length  of  a  pendulum,  so  meai?ured  to  its  centre  of 
oscillation  that  it  will  perform  each  vibration  in  a  second  of 
time,  thence  called  the  seconds'  pendulum,  has,  in  the  latitude 
of  London,  been  generally  taken  at  39tV  or  39i-  inches; 
but  by  some  very  ingenious  and  accurate  experiments,  the 
I'dtte  celebrated  Mr.  Geoi^e  Graham  found  the  true  length  to 
be  SQVoVtt  inches,  or  39fr  inches  very  nearly. 

The  ^length  of  the  pendulum  vibrating  seconds  at  Paris 
was  found  by  Varin,  Des  Hays,  De  GIos,  and  Godin,  to  be 
440|^  lines ;  by  Kcard,  440§  lines;  and  by  Mairan,  440i4  lines. 

As  all  woods  and  metals  are  more  or  less  afFected  by  changes 
of  temperature,  many  ingenious  contrivances  have  been  re- 
soi-ted  to,  to  counteract  the  effects  of  heat  and  cold,  in  length- 
ening or  shortening  a  pendulum-rod. 

•  The  first  person  who  observed  that,  by  change  of  tempera- 
ture, metals  changed  their  length,  was  Godfroi  Wendelinus ; 
and  he  who  first  endeavoured  to  take  advantage  of  this  know- 
ledge, to  counteract  the  effects  of  heat  and  cold  upon  a  pen- 
dulum, was  Graham,  who,  in  the  year  1715, .  suggested  that 
a  combination  of  rods  or  wires  of  diflferent  metals  would  have 
a  tendency  to  that  effect ;  but  being  of  opinion  that  this  would 
not  be  quite  adequate  to  the  desired  purpose,  he  did  never, 
we  believe,  put  it  in  execution.  Still  continuing  his  observa- 
tions, he,  a  short  time  afterwards,  conceived  that  mercury, 
from  its  great  expansion  by  heat,  ivas  more  adapted  to  the 
end  he  was  pursuing,  and  accordingly  we  find,  that,  by  the 
'9th  of  June,  1722,  he  had  constructed  a  clock  which  had  a 
pendulum  upon  this  principle,  and  which  he  kept  continually 
going,  without  having  either  the  pendulum  or  the  hands 
altered,  for  the  space  of  three  years  and  four  months,  during 
which  he  found  the  errors  of  his  were  but  about  one-eighth 
part  of  those  of  one  of  the  best  sort  of  common  clocks,  with 
which  he  had  compared  it  This  pendulum,  which  is  called 
the  mercurial  pefiduluniy  consists  ox  a  rod  of  brass,  branched 
towards  the  lower  end,  so  as  to  embrace  a  cylindric  glass  jar 
13  or  14  inches  long,  and  about  two  inches  diameter ;  which, 
beinff  filled  about  12  inches  deep  with  mercury,  forms  the 
weight  or  ball  of  the  pendulum.  In  adjusting  this  pendulum, 
if  the  expansion  of  the  rod  be  too  great  for  that  of  the  mer- 
cury, more  mercury  must  be  poured  into  the  vessel ;  but  if 
the  expansion  of  the  mercury  exceed  that  of  the  rod,  so  as 
to  occasion  the  clock  to  go  fast  with  heat,  some  of  the  mercury 
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must  be  taken  out,  to  ahorten  the  cohunii,  Tfaia  pyndulnm, 
though  troublesome  to  constructy  because  ai^y  filling  in  or 
taking  out  of  tlie  mercury  from  the  cylinder  or  glass  Jar,  to 
bring  about  the  compensation^  will  cause  a  change  of  place 
in  the  index-point  on  the  graduated  arch  or  index-jplate,  if 
such  a  thing  be  used^  is,  notwithstanding  some  defect  may 
arise  from  the  expansion  of  the  mercury  commencing  sooner 
than  that  of  the  rod,  of  much  practical  excellence.  Tiie  mer- 
curial pendulum  has  been  much  improved  by  Reid ;  for  an 
account  of  which  we  must  refer  our  readers  to  the  article 
*'  Horology,"  written  by  this  gentleman,  and  inserted  in  the 
Edinburgn  EncyclopiBdia. 

Mr.  Harrison,  of  whom  we  have  already  spoken  under  the 
article  Chronometers,  some  time  previous  to  1/26,  constructed 
a  pendulum  in  which  the  compensation  was  effected  by  the 
opposite  contraction  of  different  metals.  This  pendulum, 
called  the  gridiron-pendulumj  from,  we  suppose,  its  bearing 
a  near  resembUmce  to  the  culinary  implement  of  that  name, 
was  made  of  five  steel  and  four  brass  rods,  placed  in  alternate 
order,  the  middle  rod,  by  which  the  pendulum-ball  is  sus- 
pended, being  of  steel.  These  rods  are  so  connected  with 
each  other  at  their  ends,  that  while  the  esmansion  of  the  steel 
rods  has  a  tendency  to  lengthen  the  pendulum,  the  expansion 
of  the  brass  rods,  acting  upwards,  t^ids  to  shorten  it,  so  that 
W  the  combined  effect  the  pendulum  is  invariably  preserved 
of  the  same  length.  This  is  a  very  ingenious  and  simple 
contrivance,  and  the  only  objections  we  have  heard  urged 
against  this  mode  of  compensation  are,  1st.  the  difficulty  of 
exactly  adjusting  the  length  of  the  rods ;  2dly.  of  propor- 
tionmg  their  thickness,  so  that  they  shall  all  hepa  to  con- 
tract or  expand  at  the  same  instant ;  Sdly.  the  connecting 
bars  of  a  pendulum  thus  constructed  are  apt  to  move  by  starts; 
4thly.  this  kind  of  pendulum  is  more  exposed  to  the  air's 
resistance  than  a  simple  pendulum. 

Other  modes  of  constructing  pendulums  on  the  principle  of 
the  opposite  contraction  of  metals  have  been  contrived  by 
other  ingenious  artists,  among  whom  we  may  notice  EUicot^ 
Cumming,  Troughton,  Reid,  and  Ward. 

In  EUicott's  pendulum  Uie  ball  was  adjustable  bv  levers. 
Aience  called  the  levers-pendulum,  which  can  never  oe  equal 
to  those  in  which  the  expansion  and  contraction  act  by  con- 
tact in  the  direct  line  of  the  pendulum-rod ;  the  construction 
nevertheless  evinced  great  ingenuity.  The  rod  of  this  pen- 
dulum was  composed  of  two  bars,  one  of  brass,  and  die  other 
of  steel.    It  had  two  levers,  each  sustaining  its  half  of  the 
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bail  or  weight,  with  a  spring  under  the  low^r  part  of  tho  ball 
to  reHere  the  levers  mm  a  considerable  part  of  its  weight, 
and  so  to  render  thdr  motion  more  smooth  and  easy^  These 
levers  were  placed  within  the  ball>  and  each  had  an  adjusting 
screw  to  lengthen  or  shorten  tiie  lever,  so  as  to  render  the 
adjustment  the  more  perfect.  See  the  PAilos.  Trunsaci. 
voL  xlvii.  p.  479 ;  where  Mr.  EUicott's  methods  of  construc- 
tion are  described  and  illustrated  by  figures. 

This  penduliun  was  much  impn>ved  by  Gumming,  who 
conceived  that  where  there  were  two  bars  only,  a  flexure  and 
unequal  bearing  would  take  place,  and  consequently  an  exact 
codipensation  could  not  be  effected^  To-  remedy  tiiis,  he 
constructed  a  pendulum  of  one  fiat  bar  of  brass,  and  two  bars 
of  steely  and  used  three  levers  within  the  bail  of  the  p^idulum, 
whereas  Mr.  Ellicott  used  only  two.  .Among  many  other 
ingenious  contrivances  for  the  more  accurate  adjusting  of  this 
pendulum  to  mean  time,  it  is  provided  with  a  small  ball  and 
screw  below  the  principal  ball  or  weight,  one  entire  r^vohh- 
tion  of  which  on  its  screw  will  only  alter  the  rate  of  th^ 
clock's  going  one  second  per  day ;  and  its  circumference  is 
divided  into  90,  one  of  whidi  divisions  will  therefore  alter  its 
rate  of  gbkig  one  second  in  a  month. 

l^o^gfcton's  tubular-pendulum,  vibich  act»  on  the  jHrin- 
ciple  €if  tte  gridiron-pendulum,  is  a  very  neat  apd  ingenious 
contrivance.  It  is  constructed  of  an  es;terior  tube  of  brass, 
reaching  from  the  bob  nearly  to  the  top,  within  which  is 
another  tube,  and  five  brass  wires  in  its  belly,  no  disposed  as 
to  produce  altogether,  (like  Harrison's  gridiron-pendulum,) 
three  expansions  of  steel  downwards,  and  two  of  brass  up- 
wards, whose  lengths  being  inversely  proportioned  to  their 
dilatation,  when  properly  combined,  destroy  the  whole  efiect 
that  eidier  metal  would  have  singly.  The  small  visible  part 
of  the  rod,  near  the  top,  is  a  brass  tube,  whose  use  is  to  cover 
the  upper  end  of  the  middle  wire,  which  is  single,  and  other- 
wise unsupported.  Drawings  of  this  pendulum  may  be  seen 
in  Nicholson'^  Journal,  No.  36,  N.S. 

Reid's  pendulum  is  composed  of  a  zinc  tube,  and  three  long 
and  one  short  steel  rods,  connected  by  means  of  traverses. 
Two  of  these  long  rods  are  inserted  at  one  end  in  the  ball  of 
the  pendulum,  and  terminate  at  the  other  in  the  upper  tra- 
verse, which  keeps  them  exactly  parallel  with  respect  to  each 
other.  At  the  lower  ends  of  these  rods,  not  far  above  the 
ball,  is  another  traverse,  in  the  middle  of  which  the  short 
steel  rod  is  pinned,  descending  thence  through  the  centre  of 
the  ball.     Another  traverse  is  placed  a  little  above  this^  on 
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•Ihe  centre  of  which  the  zinc  tube  rests^  extending  upwards, 
and  preseing  against,  or  rather  pressed  by  the  upper  traverse. 
The  third  or  centre  steel  rod  passes  through  a  hole  in  the 
upper  traverse,  equidistant  from  each  of  the  other  two  steel 
rods,  thence  down  the  zinc  tube,  and  fitiallv  ii  pinned  to  the 
second  traverse,  or  that  traverse  on  which  me  mc  tube  rests. 
By  this  means,  the  centre  steel  rod,  when  lengthened  by  heat, 
will  make  the  lower  end  of  the  zinc  tube  descend  with  it; 
but  the  same  cause  which  lengthens  the  steel  rod  downwards 
will  expand  the  ainc  tube  upiin&rds,  and  this  will  carry  up  the 
tw(5  outside  steel  rods  with  which  die  ball  of  the  pendulum  is 
connected ;  their  expansion  downwards,  as  well  as  that  of 
the  centre  rod,  is  compensated  by  the  upward  expansion  of 
the  zinc  tube.  In  constructing  a  pendulum  upon  thb  prin- 
ciple, it  would  be  proper  to  have  a  few  holes  in  the  tube,  for 
the  purpose  of  admitting  air  more  freely  to  the  centre  rod. 

Ward's  pendulum  consists  of  two  flat  bars  of  sted,  and  one 
of  zinc,  connected  together  by  three  screws.  The  descripUon 
which  has  been  given  of  it  in  the  Transactions  of  the  Scxsietj 
of  Arts,  &c.  for  the  year  1807»  And  the  pamphlet  which 
Mr.  Wiurd  published  at  Blandford  in  1806,  contain  sufficient 
details  to  enable  any  common  clock-maker  to  copy  it. 
-  Before  we  conclude  this  article,  we  shall  brieny  notice  the 
sjrmpathy  or  mutual  action  of  the  pendulums  of  clocks. 
•  It  is  now  nearly  a  centiury  since  it  was  known  that  when 
two  clocks  are  set  agoing  on  the  same  shel^  they  will  disturb 
each  other ;  that  the  pendulum  of  the  one  will  stop  that  of 
the  other ;  and  that  the  pendulum  which  was  stopped  will^ 
after  a  while,  resume  its  vibrations,  and,  in  its  turn,  stop  that 
of  the  other  clock,  as  was  observed  by  the  late  Mr.  John 
EUicott.  When  two  clocks  are  placed  near  one  another,  in 
cases  very  slightly  fixed,  or  when  they  stand  on  the  thin 
boards  of  a  floor,  it  has  been  long  known  that  they  will  affect 
a  littie  the  motions  of  each  other's  pendulum,  Mr.  EUicott 
observed,  that  two  clocks  resting  against  the  same  rail,  which 
agreed  to  a  second  for  several  days,  varied  I'  36^  in  twenty- 
four  hours  when  separated.  The  slower  having  a  longer 
pendulum,  set  the  other  in  motion  in  16  v  minutes,  and 
stopped  itself  in  36f  minutes. 
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BUILDING. 


Unbbr  this  general  term,  T^hich  ittiplieis  the  coDstrUctioH 
of  an  edifice  according  to  the  rules  laid  down  by  the  differ-^ 
ent  artificers  employed^  we  purpose  to  treat  of  the  reS{>ect-^ 
ive  business  of  the  M&son,  Bricklayer^  Carpenter,  Joiner, 
Plasterer,  Phimber,  Painter,  and  Glazier;  previous  to  which 
it  will  be  necessary  to  consider  the  sinldng  of  the  foundation, 
the  due  mixture  of  the  ingredients  which  compose  the 
mortar,  and  the  art  of  mfaking  bricks  ;  upon  the  whole  of 
which  matetialfy  depends  the  stability  of  an  edifice. 

As  firmness  of  foundation  is  indispensable^  wherever 
it  is  intended  to  erect  a  building,  the  earth  must  be  pierced 
by  an  iron  bar,  or  struck  with  a  rammer,  and  if  found  to 
shaken  must  be  bored  with  a  well-sinker's  implement,  in 
order  to  ascertain  whether  the  shake  be  local  or  general; 
If  the  soil  is  in  general  good,  the  loose  ^d  soft  parts,  if 
not  very  deep,  must  be  excavated  until  the  labourers  arrive 
at  a  solid  bed  capable  of  sustaining  the  pier  or  piers  to  be 
built.  If  not  very  lopse,  it  may  be  made  good  by  ramming 
into  it  Very  lar^e  stones,  packed  ctose  together,  and  of  a 
breadth  proportionate  to  the  intended  weight  of  the  build-^ 
ing ;  but  where  very  bad,  it  must  be  piled  and  planked. 

In  places  where  the  soil  is  loose  to  any  great  depth,  and 
over  which  it  is  intended  to  place  apertures,  such  as  doors, 
windows,  &c.  while  the  parts  on  which  the  piers  are  to 
stand  are  firm,  the  best  plan  is  to  turn  an  inverted  arch  un- 
der each  intended  aperture,  as  then  the  piers  in  sinking  will 
carry  with  them  the  inverted  arch,  and  by  compressing  the 
ground  compel  it  to  act  against  the  under  sides  of  the  arch, 
which,  if  closely  jointed,  so  far  from  yielding,  will,  with 
the  abutting  piers,  .operate  as  one  solid  body ;  but,  on  the 
contrary,  if  this  emedient  of  the  inverted  arch  |s  no% 
adopted,  the  part  of  the  wall  under  the  aperture,  being  of 
less  height,  and  consequently  of  less,  weight  than  the  piers, 
vnJl  give  way  to  the  resistance  of  the  soil  acting  on  its  base, 
and  not  only  injure  the  brick- work  between  the  apertures^ 
but  fracture  the  window-heads  and  cills. 

2m 
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In  ooDstractiDg  so  essential  a  part  as  the  arch,  great  at- 
tention must  be  paid  to  its  curvature,  and  we  strongly  re- 
commend the  parabolic  curve  to  be  adopted,  as  the  most 
effectual  for  the  purpose ;  but  if,  in  consequence  of  its 
depth,  this  cannot  conveniently  be  introduced,  the  arch 
should  never  be  made  less  than  a  semi-circle.  The  bed  of 
the  piers  should  be  as  uniform  as  possible,  for,  though  the 
bottom  of  the  trench  be  very  firm,  it  will  in  some  degree 
yield  to  the  great  weight  that  is  upon  it,  and  if  the  soil  be 
softer  in  one  part  than  in  another,  that  part  which  is  the 
softest,  of  course  will  yield  more  to  the  pressure,  and  cause 
a  fracture. 

If  the  solid  parts  of  the  trench  happen  to  be  under  the  in- 
tended apertures,  and  the  softer  parts  where  piers  are  want- 
ed, the  reverse  of  the  above  practice  must  be  resorted  to ; 
that  is,  the  piers  must  be  built  on  the  firm  parts,  and  hare 
an  arch  that  is  not  inverted  between  them.  In  performing 
this,  attention  must  be  paid  to  ascertain  whether  the  pier 
will  cover  the  arch ;  for  if  the  middle  of  the  pier  rest  over 
the  middle  of  the  summit  of  the  arch,  the  narrower  the 
pier  is,  the  greater  should  be  the  curvature  of  the  arch  at 
its  apex.  \^en  suspended  arches  are  used,  the  intrados 
•ughtto  be  kept  clear  of  the  ground,  that  the  arch  may 
have  its  due  effect. 

When  the  ground  is  in  such  a  state  as  to  require  the  foun- 
dation merely  to  be. rammed,  the  stones  are  hammer-dress- 
ed, so  as  to  be  as  little  taper  as  possible,  then  laid  of  a 
brisadth  proportioned  to  the  weight  that  is  to  be  rested  upon 
them,  and  afterwards  well  rammed  together.  In  general, 
the  lower  bed  of  stones  may  be  allowed  to  project  about  a 
foot  from  the  &ce  of  the  wall  on  each  side,  and  on  this  bed 
another  coarse  may  be  laid  to  bring  the  bed  of  stones  on  a 
level  with  the  top  of  the  trench.  The  breadth  of  this 
upper  bed  of  stones  should  be  four  inches  less  than  the  lower 
one ;  that  is,  projecting  about  eight  inches  on  either  side 
of  the  wall.  In  all  kinds  of  walling,  each  joint  of  every 
course  must  fall  as  nearly  as  possible  in  the  centre,  be- 
tween two  joints  of  the  course  immediately  below  it ;  for 
in  all  the  various  methods  of  laying  stones  or  bricks,  the 
principal  aim  is  to  procure  the  greatest  lap  on  each.other.    , 

MORTAR. 

In  makinp^  mortar,  particular  attention  must  be  paid 
to  the  quality  of  the  sand,  and  if  it  coi^tain  any  propor- 
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lion  of  clay  or  mud^  or  is  brought  from  the  sea-shore  and 
contains  saline  particles^  it  must  be  washed  in  a  stream 
of  clear  water  till  it  be  divested  of  its  impurities.  The 
necessity  of  the  first  has  been  clearly  proved  by  Mr.  Smeaton^ 
who^  in  the  course  of  a  long  and  meritorious  attention  to 
his  profession  of  an  engineer^  has  founds  that  when  mortar^ 
though  otherwise  of  the  best  quality,  is  mixed  with  a  Ismail 
proportion  of  unburnt  clay,  it  never  acquires  that  hardness 
which,  without  it,  it  would  have  attained ;  and,  with  respect 
to  the  second,  it  is  evident,  that  so  long  as  the  sand  contains 
saline  particles  it  cannot  become  hard  and  dry.  The  sharper 
and  coarser  the  sand  is  the  better  for  the  mortar,  and  the  less 
the  quantity  of  lime  to  be  used;  and  sand  being  the 
cheapest  of  the  ingredients  which  compose  the  mortar, 
it  is  more  profitable  to  the  maker..  The  exact  proportiotis 
of  lime  and  sand  are  still  undetermined  ;  but  in  general  no 
more  lime  is  required  than  is  just  sufficient  to  surround 
the  particles  of  the  sand,  or  sufficient  to  preserve  the 
necessary  degree  cf  plasticity. 

Mortar,  in  whirii  saJid  fori6s  the  greater  portiori  require* 
less  water  in  its  preparation,  and  consequently  is  sooner 
set.  It  is  also  harder  and  less  liable  to  shrink  in  dryingy 
because  the  lime,  while  drying,  has  »  greater  tendency  to 
shrink  than  sand,  which  retains  its  original  magnitude^ 
The  general  proportions  given  by  the  London  builders  is  If 
cwt.,  or  37  busnels,  of  lime  to  2^  loads  of  sand ;  but  if 
proper  measures  be  taken  to  procure  the  best  burnt  lime 
and  the  best  sand,  and  in  tempering  the  materials,  a  greater 
portion  of  sand  may  be  used.  There  is  scarcely  aAy 
mortar  that  has  the  lime  well  calcined,  and  the  com* 
position  well  beaten,  but  that  will  be  found  to  require 
two  parts  of  sand  to  one  part  of  unslacked  lime ;  and  it  i» 
worthy  of  observation,  that  the  more  the  mortar  is  beaten 
the  less  proportion  of  lime  suffices- 

Many  experiments  have  been  made  with  a  view  to  obtaiif 
the  most  useful  proportion  of  the  ingredients,  and  aAo^g 
the  rest  Dr.  Higgins  has  given  the  following : — 

Lime  newly  slacked  one  part, 
Fine  sand  three  parts;  and 
Coarse  sand  four  parts. 

He  also  found  that  one-fourth  of  the  lime  of  boitie^ashecf 
^eatly  improved  the  mortar,  by  giving  it  tenacity,  and  ren- 
dering it  less  liable  to  crack  in  the  drying. 

It  is  best  to  slack  the  lime  in  small  quantities  as  requirtd 
2m3 
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for  use,  about  a  bushel  at  a  time,  in  order  to  secure  to  the 
mortar  such  of  its  qualities  as  would  evaporate  were  it 
allowed  to  remain  slacked  for  a  length  of  time.  But  if  the 
mortar  be  slacked  for  any  considerable  time  previous  to 
being  used^  it  should  be  kept  covered  up,  and  when  wanted 
be  re-beaten.  If  care  be  taken,  to  secure  it  from  the  action 
of  the  atmosphere,  it  may  thus  remain  covered  up  for  a 
considerable  period  without  its  strength  being  in  the  least 
affected ;  ana,  indeed,  some  advantages  are  gained,  for 
it  sets  sooner,  is  less  liable  to  crack  in  the  drying,  and  is 
harder  when  dry. 

Grouty  which  is  a  cement  containing  a  larger  proporticm 
of  water  than  the  common  mortar,  is  used  to  run  into  the 
narrow  interstices  and  irregular  courses  of  rubble-stone 
walk  I  and  as  it  is  required  to  concrete  in  the  course  of  a 
day,  it  is  composed  of  mortar  that  has  been  a  long  time 
made  and  thoroughly  beaten. 

Mortar^  composed  of  pure  lime,  sand,  and  water^ 
may  be  employed  in  the  hnings  of  reservoirs  and  aque- 
ducts, provided  a  sufficient  time  is  allowed  for  it  to  dry 
before  tne  water  is  let  in ;  but  if  a  sufficient  time  is  not 
allowed,  and  the  water  is  admitted  while  the  mortar  is  wet, 
it  will  soon  fall  to  pieces-  There  are,  however,  certain  in- 
gredients which  may  be  put  into  the  common  mortar  to 
make  it  set  immediately  under  the  water ;  or,  if  the  quick- 
lime composing  the  mortar  contain  in  itself  a  certun  por- 
,  tion  of  burnt  clay,  it  will  possess  this  property.  For  further 
information  on  this  head  the  reader  is  referred  to  the 
sub-head — Plastering. 

BRICKS. 

The  earth  best  adapted  for  the  manufacture  of  brick  is  of 
a  clayey  loam,  neither  containing  too  much  argillaceous  mat 
ter,  which  causes  it  to  shrink  in  the  drying,  nor  too  much 
sandy  which  has  a  tendency  to  render  the  ware  both  heav} 
and  brittle.  It  should  be  dug  two  or  three  years  before  it 
is  wrought,  that  it  may,  by  an  exposure  to  the  action  of  the 
atmosphere,  lose  the  extraneous  matter  of  which  it  is  pos- 
sessed when  first  drawn  from  its  bed ;  or,  at  least,  should 
be  allowed  to  remain  one  winter,  that  the  frost  may  meliow 
and  pulverize  it  sufficiently  to  facilitate  the  operation  of 
tempering.  As  the  quality  of  the  brick  is  greatly  dependent 
upon  the  tempering  of  the  clay,  great  care  should  be  taken 
to  have  this  part  of  the  process  well  done.  Formerly  the 
manner  of  performing  it  consisted  in  throwing  the  clay  into 
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tliellow  pits.  And  subjecting  it  to  'the  tread  of  men  and 
oxen ;  but  this  method  has  of  late  been  superceded  by  the 
clay  or  pug  miU,  which  is  a  very  eligible,  though  simple 
machine. 

The  clay  or  pug  mill  consists  of  a  large  vertical  cone, 
havins;  strong,  knives  with  a  spiral  arrangement  and  incfina- 
tio^;DXod"on  its  internal  surface.  Passing  through  the 
cTJmt^  nd  terminating  in  a  pivot  at  the  bottom,  is  a  strong 
perpexNicalar  shaft  with  similar  radiating  knives,  so  that 
the  knivus  by  the  revolution  of  the  shaft,  cut, separate,  and 
purify  the  «]ay,  till  it  be  reduced  to  a  homogeneous  paste, 
which  passes  through  an  orifice  at  the  bottom  into  a  receiver 
placed  for  that  purpose.  The  clay  is  taken  from  the  re- 
ceiver to  the  moulder's  bench,  and  is,  either  by  a  lad  or  a 
woman,  cut  into  pieces  somewhat  larger  than  the  mould, 
and  passed  on  to  the  moulder,  who  works  it  into  a  mould, 
previously  dipped  in  sand,  and  strikes  off  the  superfluous 
parts  with  li  flat  smooth  piece  of  wood.  In  this  country  the 
mould  used  is  about  ten  inches  in  length,  and  five  inches  in 
breadth,  and  the  bricks  when  burnt  are  about  nine  inches 
long,  four  and  a  half  inches  broad,  and  two  and  a  half  inches 
titiick.  The  degree  of  sbringing,  however,  is  various,  ac- 
cording to  the  temper  and  purity  of  the  clay,  and  the  de** 
gree  of  heat  attained  in  the  burning.  A  handy  moulder  is 
calculated  to  mould  firom  about  5000  to  7000  per  day.  From 
tiie  moulder's  bench  the  bricks  are  carried  to  the  hack,  and 
arranged  somewhat  diagonally,  one  above  the  other,  and  two 
edgewise  across,  with  a  passage  between  the  heads  of  each 
for  the  admission  of  air,  till  they  be  eight  bricks  in  height. 
They  are  then  left  to  dry.  The  time  they  take  ere  they  re- 
require  shifting  depends  entirely  upon  the  weather,  which 
when  fine  will  be  but  a  few  days :  they  are  then  turned  and 
re-set  wider  apart,  and  in  six  or  eight  days  are  ready  for  the 
damp  or  kiln. 

Clamps  are  generally  used  in  the  vicinity  of  London. 
They  are  made  of  the  bricks  to  be  burnt,  and  are  commonly 
of  an  oblong  form.  The  foundation  is  made  either  with  the 
driest  of  the  bricks  just  made,  or  with  the  commonest  kind 
of  brick,  called  place  bricks.  The  bricks  to  be  burnt  are 
arranged  tier  upon  tier  as  high  as  the  clamp  is  intended  to 
be,  and  a  stratum  of  breeze  or  cinders  to  the  depth  of  two 
or  three  inches  is  strewed  between  each  layer  of  bricks,  and 
the  whole  is  finally  covered  with  a  thick  stratum  of  breeze. 
At  the  west  end  of  the  clamp  a  perpendicular  fire-place  of 
jibout  three  feet  in  height  is  'constructed,and  flues  are  formed 
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by  arching  the  bricks  over  so  as  to  leave  a  space  of  about 
a  brick  in  width.  The  flues  run  straight  through  the  clamp^ 
and  are  filled  with  a  mixture  of  coals,  wood,  and  breeze, 
which  are  pressed  closely  together.  If  the  bricks  are  re* 
quired  to  be  burnt  off  quickly,  which  can  be  accomplished 
in  the  space  of  from  twenty  to  thirty  days  according  to  the 
state  of  the  weather,  the  flues  must  not  exceea  six*fee\^- 
tance  apart ;  but  if  there  is  no  urgent  demand,  th^^^^ 
need  pot  be  nearer  than  nine  feet,  and  the  clamp^sSay  be 
jdlowed  to  bum  slowly.  j 

Coke  has  been  recommended  as  a  more  suitable  fuel  for 
bricks  than  either  coal  or  wood,  as  the  dimoiQsions  of  the 
flues  and  the  stratum  of  the  fuel  are  not  required  to  be  so 
great,  which,  since  the  measurement  of  the  clamp  has  been 
restricted  to  certain  limits  by  the  interference  of  the  legis- 
lature, is  a  point  of  some  consideration ;  besides,  the  heat 
arising  from  the  coke  is  more  uniform  and  more  intense  than 
what  IS  produced  by  the  other  materials,  so  that  the  burn- 
ing of  the  bricks  is  more  likely  to  be  perfect  through- 
out. The  saving  which  is  thus  produced  may  be  calculated 
at  about  32  per  cent. 

Kilns  are  also  in  common  use,  and  are  in  many  respects 
preferable  to  the  clamp,  as  less  waste  arises,  less  fuel  is 
consumed,  and  the  bricks  are  sooner  burnt.  A  kiln  will 
burn  about  20,000  bricks  at  a  time.  The  walls  of  a  kiln  are 
about  a  brick  and  a  half  thick,  and  incline  inwards  towards 
the  top,  so  that  the  area  of  the  upper  partis  not  more  than 
114  SQuare  feet  The  bricks  are  set  on  flat  arches,  with 
holes  left  between  them,  resembling  lattice-work  j  and, 
when  the  Idln  is  completed,  are  they  covered  with  pieces  of 
broken  bricks  and  tiles,  and  some  wood  is  kindled  and  put 
in  to  dry  them  gradueJly.  When  sufficientlv  dried,  which 
is  known  by  the  smoke  changing  from  a  dark  to  a  light 
transparent  colour,  the  mouths  of  the  kiln  are  stopped 
with  pieces  of  brick,  called  ^hinlog,  piled  one  upon  ano- 
ther, and  closed  over  with  wet  brick-earth.  The  shinlogs 
are  carried  so  high  as  just  to  leave  room  for  one  faggot  to 
be  thrust  into  the  kiln  at  a  time,  and  when  the  brush- wood, 
furze,  heath,  faggots,  &c.  are  put  in,  the  fire  is  kindled, 
and  the  burning  of  the  kiln  commences.  The  fire  is  kept 
up  till  the  arches  assume  a  white  appearance,  and  the 
flames  appear  through  the  top  of  the  kun ;  upon  which  the 
fire  is  allowed  to  slacken,  and  the  kiln  to  cool  by  d^rees. 
Tim  process  of  alternately  heating  and.  slacking  the  loin  is 
continued  till  the  bricks  are  thoroughly  bdm^  whicb^  ia 
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general^  is  in  the  space  of  forty-eight  hours.  The  practice 
of  steeping  bricks  in  water  after  they  have  been  Darned^ 
and  then,  burning  them  again,  has  the  effect  of  considerably 
improving  the  qaality. 

Bricks  are  of  several  kinds,  the  most  usual  of  which  are 
marls,  stocks,  and  place  bricks;  but  there  is  little  dif- 
ference in  the  mode  of  manufacturing  them,  except  that 
great  care  is  taken  in  preparing  and  tempering  the  marls. 

The  finest  marls,  called  firsts,  are  selected  for  the  arches 
of  doorways,  &c.  and  are  rubbed  to  their  proper  form  and 
dimensions :  and  the  next  best,  called  seconds^  for  the 
principal  fronts.  The  colour,  a  light  yellow,  added  to  the 
smooth  texture,  and  superior  durability  of  the  marls,  give 
them  the  precedence  of  the  other  descriptions  of  brick. 

Grey  stocks  are  somewhat  like  the  seconds,  but  of  infe- 
rior quality. 

Place  bricks,  sometimes  called  pickings,  sandal,  or  samel 
bricks,  are  such  as  from  being  the  outermost  in  the  clamp 
or  kiln,  have  not  been  thoroughly  burned,  and  are,  in  con- 
sequence, soft,  of  uneven  texture,  and  of  a  red  colour. 

There  are  fdso  burrs  or  clinkers,  arising  from  the  bricks 
being  too  violently  burned,  and  sometimes  several  bricks  are 
found  run  together  in  the  kiln.  They  derive  their  colour  from 
the  nature  of  the  soil  of  which  they  are  composed,  which, 
in  general,  is  very  pure.  The  best  kind  are  used  as  cutting 
bricks,  and  are  called  red  rubbers.  In  old  buildings  they 
are  very  frequently  to  be  seen  ground  to  a  fine  smooth  sur- 
face, and  set  in  putty  instead  of  mortar,  as  ornaments  over 
arches,  windows,  door-ways,  &c. ;  but  though  there  are 
many  beautiful  specimens  of  red  brick-work,  yet  these 
bricks  cannot  be  judiciously  used  for  the  front  walls  of  build- 
ings. This  objection  arises  from  the^colour  being  too  heavy, 
and  from  its  conveying  to  the  mind,  in  the  summer  months, 
an  unpleasant  idea  of  heat ;  to  which  may  be  added,  that  as 
the  fronts  of  the  buildings  have  a  greater  or  less  proportion 
af  stone  and  painted  wood- work,  the  contrast  in  the  colours 
is  altogether  injudicious.  The  colour  of  grey  stocks, 
on  the  contrary,  assimilates  so  much  with  the  stones  and 
paint,  that  they  have  obtained,  in  and  near  London,  univer- 
sal preference. 

At  the  village  of  Hedgerley,  near  Windsor,  red  bricks 
are  made  which  will  stand  the  greatest  heat :  they  are  called 
Windsor  bricks. 

Bricks  used  for  paving,  are  generally  about  an  inch  and  a 
half  in  breadth  :  and^  beside  these^  there  are  paving  tiles^ 
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which  are  made  of  a  atrongerdw,  and  are  of  a  red  cjoloQr. 
The  brgest  are  about  twelFe  incnes  square^  and  one  inch 
fmd  a  half  thick :  the  next,  though  called  ten-inch  tileSy  axe 
about  nine  inches  square,  and  one  inch  and  a  quarter  thicL 
About  the  year  1795,  a  patent  was  obtained  by  Mr.  Cart- 
wright,  for  an  improved  system  of  making  bricks,  of 
which  the  following  extract  will  furnish  the  reader  with 
dl  necessary  information. 

««  Imagine  a  commoii  brick,  with  a  groove  or  nbite  oa  eaek  ride  dmri 
iht  middle,  ratlier  more  than  half  the  widtii  of  tlie  side  of  the  brick ;  a 
■hooMer  will  thus  be  left  on  eitiier  side  of  the  groove,  eadi  of  whick  wiD 
be  nearly  e^aal  to  one  qoarter  of  the  widtb  of  the  side  of  the  brick,  or  to 
eoe  half  of  the  groove  or  relmte.  A  ooorve  of  theie  bricks  being  laid 
shoulder  to  shoulder,  they  will  form  an  indented  line  of  neariy  eqiai 
divisions,  the  grooves  or  rebates  being  somewhat  wider  than  the  ad- 
joiping  shoulders,  to  allow  for  the  mortar  or  cement.  When  the  oovse 
n  laid  on,  the  shoulders  of  the  bricks,  which  compose  it,  wiU  faD  into 
rrooves  of  the  first  course,  and  the  shoulders  <^  the  first  course,  will  fit 
into  the  grooves  or  rabates  of  the  second,  and  so  with  cverr  suoceedmg 
course.  Buildings  constructed  with  this  kind  of  brick,  wiu  re^uirs  do 
bond  timbers,  as  an  universal  bond  runs  through  the  whole  building,  and 
koUs  all  the  parts  together  ;  the  walls  of  which  will  neither  crack  nor 
bilge  without  breaking  through  themselves.  When  bricks  of  this  con- 
struction aie  used  for  arches,  the  sides  of  the  i^rooves  should  form  the 
radii  of  the  circle,  of  which  the  intended  arch  is  a  segment ;  yet  if  the 
circle  be  very  Urge,  the  difference  of  the  width  at  die  top  and  bottom  wil 
be  so  very  tnfiing,  as  to  render  a  minute  attention  to  this  scareelj  if  at  nil 
necessarv.  In  arch-work,  the  bricks  may  either  be  laid  in  mortar,  or  drj, 
and  the  mterstices  afterwards  filled  up  b  j  pouring  in  lime,  putt  j,  plaster  of 
Paris,  dftc.  Arches  upon  this  principlei  baring  any  lateral  pressure,  cnn 
neither  expand  at  the  foot,  nor  spring  at  the  crown,  cons«raenftly  tkey 
want  no  abutments,  requiring  only  perpendicular  walls  to  be  let  into*  or 
to  rest  upon ;  neitiier  will  they  want  any  superincnnd>ent  weight  on  the 
crown  to  prevent  their  springing  up.  The  centres  also  may  be  struck 
immediately,  so  that  the  same  centn»,  which  never  need  be  many  feet 
wide,  may  be  regularly  shiiW  as  the  work  proceeds.  But  the  most 
striking  advantage  attending  this  invention  u,  fhe  security  it  affords 
apinst  the  ravages  of  fire ;  for,  from  the  peculiar  properties  of  this 
kjnd  of  arch,  requiring  no  dmtments,  it  may  be  laid  upon,  or  let  into 
conmion  walls,  no  stronger  than  what  is  required  for  timbers  so  as  to  ad- 
mit of  brick  floorings.** 

Having  said  thus  mnch  on  the  laving  of  the  foundation, 
the  mixing  of  the  mortar^  and  the  mannfiictare  of  the 
l)rick^  we  shall  next  proceed  to  treat  on  the  principles  of 
the  art  of  masoniy,  as  practised  in  the  present  day. 

BfASONRTj 

jls  the  art  of  cutting  stones^  and  building  them  into  a 
mass,  so  as  to  form  the  regular  surfaces  which  are  required 
in  the  construction  of  an  edifice.  ^ 
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The  ehief  business  of  the  mason  is  to  prepare  the  stones, 
make  the  mortar,  raise  the  wall  with  the  necessary  breaks, 
projections,  arches,  apertures,  &c.,  and  to  construct  the 
vaults,  &c.  as  indicated  by  the  design* 

A  wail  built  of  unhewn  stone,  whether  it  be  built  with 
mortar  or  otherwise,  is  called  a  rubble  waU.  Rubble  work 
is  of  two  kinds,  coursed  and  uncoursed.  In  coursed  rub- 
ble the  stones  are  gauged  and  dressed  by  the  hammer, 
and  thrown  intp  different  heaps,  each  heap  containing  stones 
of  equal  thickness ;  and  the  masonry,  which  may  be  of  dif- 
ferent thiclmesses,  is  laid  in  horizontal  courses.  In  un- 
poursed  rubble  the  stones  are  placed  promiscuously  in  the 
wall,  without  any  attention  bemg  paia  to  the  placing  them 
in  courses ;  and  the  only  preparation  the  stones  undergo, 
is  that  of  knocking  off  the  sharp  angles  with  the  thick 
^d  of  a  tool  called  a  scahling  hammer.  Walls  are  ge- 
nerally built  with  an  ashlar  fs^ing  of  fine  stone,  averaging 
about  four  or  five  inches  in  thickness,  and  backed  with  rub- 
ble work  or  brick. 

Walls  backed  with  brick  or  uneoursed  rubble,  are  liable 
to  become  convex  on  the  outside,  from  the  great  number 
of  joints,  and  the  difficulty  of  placing  the  mortar,  which 
shrinks  in  proportion  to  the  quantity,  in  equal  portions, 
in  each  jomt ;  consequently,  walls  of  this  description  are 
much  inferior  to  those  where  the  facing  and  backing  are 
built  of  the  same  material,  and  with  equd  care,  even  though 
both  of  the  sides  be  uncouraed.  When  the  outside  of  a 
widl  is  faced  with  ashlar,  and  the  inside  is  coursed  rubble, 
the  courses  of  the  backing  should  be  as  high  as  possible, 
and  set  within  beds  of  mortar.  Coursed  rubble  and  brick 
backings  are  favQurable  for  the  insertion  of  bond  timber  ; 
but,  in  good  masonry,  wooden  bonds  should  never  be  in 
continued  lengths,  as  in  case  of  eitlier  fire  or  rot  the  wood 
will  perish,  and  the  masonry  will,  by  being  reduced,  be 
liable  to  bend  at  the  place  where  the  bond  was  inserted. 

When  timber  is  to  be  inserted  into  walls  for  the  purposes 
of  fasten^i^  buttons  for  plastering,  or  skirting,  &c.,  the 
pieces  of  timber  ought  to  be  so  disposed  that  the  ends  of 
the  pieces  be  in  a  line  with  the  wall. 

In  a  wall  faced  with  ashlar,  the  stones  are  generally  about 
2  feet  or  2{  feet  in  length,  12  inches  in  height,  and  8  inches 
in  thickness.  It  is  a  very  good  plan  to  incline  ttie  back  of 
each  stone,  to  make  all  the  backs  thus  inclined  run  in  the 
same  direction,  which  gives  a  small  degree  of  lap  in  the 
setting  of  thjB  next  oomrse;  whereas,  if  the  backs  are  paral* 
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Id  to  the  front,  there  can  be  no  lap  where  the  stones  urn  of 
an  equal  depth  in  the  thickness  of  the  wall.  It  is  also  ad- 
vantageous to  the  stability  of  the  wall  to  select  the  stones^  so 
that  a  thicker  and  a  thinner  one  may  succeed  eadi  other 
alternately.  In  each  course  of  ashlar  facing,  either  vnOi 
rubble  masonry,  or  brick  backing,  thorough-stones  should 
occasionally  be  introduced,  and  their  number  be  in  pro- 
portion to  the  length  of  the  course,  hi  every  succeeding 
course,  the  thorough  stones  should  be  placed  in  the  middk 
of  every  two  thorough-stones  in  the  course  below ;  and 
this  disposition  of  bonds  should  be  punctually  attended  to 
in  a]l  cases  where  the  courses  are  of  any  great  length. 
Some  masons,  in  order  to  prove  that  they  have  introdnoed 
sufficient  bonds  into  their  work,  choose  thomugh-stones  of 
a  greater  length  than  the  thickness  of  the  wall,  afid  after- 
wards cut  off  the  ends ;  but  this  is  far  from  an  eligible  plan, 
as  the  wall  is  not  only  subject  to  be  shaken,  but  the  stone  is 
itself  apt  to  split.  In  every  pier,  between  windows  and 
other  apertures,  every  alternate  jamb-stone  ought  to  go 
through  the  wall  with  its  bed  perfectly  level.  When  the 
jamb-stones  are  of  one  entire  height,  as  is  frequently  the 
case  when  architraves  are  wrought  upon  them,  upon  the 
lintel  crowning  them,  and  upon  the  stones  at  the  ends  of 
the  courses  of  the  pier  which  are  adjacent  to  the  architrare- 
jamb,  every  alternate  stone  ought  to  be  a  thorough-stone : 
and  if  the  piers  between  the  apertures  be  very  narrow,  no 
other  bond-stone  is  required ;  but  where  the  niers  are  wide, 
the  number  of  bond-stones  are  propordonea  to  the  space. 
Bond-stones  must  be  particularly  attended  to  in  all  long 
courses  below  and  above  windows. 

All  vertical  joints,  after  receding  about  an  inch  with  a  dose 
joint,  should  widengraduallvto  the  back,  therebjr  forming  hol- 
low spaces  of  awed^e-  like  figure,  for  the  reception  of  mortar, 
rubble,  &c.  The  adjoining  stones  should  have  their  beds  and 
vertical  joints  filled,  from  the  face  to  about  three  quarters 
of  an  inch  inwards,  with  oil  and  putty,  and  the  rest  of  the 
beds  must  be  filled  with  well-tempered  mortar*  Putty  ce- 
ment will  stand  longer  than  most  stones,  and  wiU  even 
remain,  permanent  when  the  stone  itself  is  mutilated.  AU 
walls  cemented  with  oil-putty,  at  first  look  unsightly ;  bat 
this  disagreeable  effect  ceases  in  a  year  or  less,  when,  i( 
care  has  been  taken  to  make  the  colour  of  the  putty  suiuUe 
to  that  of  the  stone,  the  joints  will  hardly  be  perceptible. 

In  selecting  ashliu',  the  mason  should  take  care  that  each 
stone  invariably  lays  on  its  natural  bed;  as  ttom  earless* 
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ness  ia  this  particular^  the  stones  frequaitly  flush  at  the 
joints^  and  sooner  admit  the  corrosive  power  of  the  atmos-^ 
phere  to  take  effect. 

It  ought  also  to  be  obserred^  that^  in  building  walls,  or 
Insulated  pillars  of  small  horizontal  dimensions,  every 
stone  should  have  its  bed  perfectly  level,  and  be  without 
any  concavity  in  the  middle ;  because,  if  the  beds  are  con- 
cave, the  joints  will  most  probably  flush  when  the  pillars 
begin  to  sustain  the  weight  of  the  building.  Care  should 
also  be  taken,  that  every  course  of  masonry. in  such  {mccs 
be  of  one  stone. 

Having  thus  given  to  the  practical  mason  an  outline 
of  the  subject  of  walling,  we  will  proceed  to  the  con- 
sideration of  the  more  dilficult  branches  of  the  art,  that 
of  constructing  arches  and  vaults. 

DEFINITIONS. 

An  archj  in  masonry,  is  that  part  of  a  building  which  is 
suspended  over  a  given  plane,  supported  only  at  its  extre* 
mities,  aiid  concave  towards  the  plane. 

The  upper  surfiEu^e  of  an  arch  is  called  the  extrados  ;  and 
the  under  surface,  or  that  which  is  opposite  the  plan,  the 
intrculos. 

The  supports  of  an  arch  are  called  the  spring  waih. 

The  springing  lines^  are  those  common  to  the  supports 
and  the  intrados  ;  or  the  line  which  forms  the  intersection 
of  the  arch  with  the  surface  of  the  wall  which  supports  it. 

The  chords  or  «pan,  is  a  line  extending  from  one  springing 
line  to  the  opposite  one. 

Section  of  the  hollow  of  the  arch^  is  a  vertical  plane>  sup-* 
posed  to  be  contained  by  the  span  and  the  intrados. 

The  heighiy  or  rise  of  the  arch,  is  a  line  drawn  at  right 
angles  from  the  middle  of  the  chord,  or  spanning  line,  to 
the  intrados. 

The  crown  of  the  arch  is  that  part  which  the  extremity  of 
the  perpendicular  touches. 

The  haunches,  or  iUmkSy  of  the  arch,  are  those  parts  of 
the  curve  between  the  crown  and  the  springing  line. 

When  the  base  of  the  section,  or  spanning  line,  is  paral- 
lel to  the  horizon,  the  section  will  consist  of  two  equal  and 
similar  parts,  so  that  when  one  is  applied  to  the  other,  they 
will  be  found  to  coincide. 

Arches  are  variously  named  according  to  the  figure  of  the 
section  of  a  solid  that  would  fill  the  void,  as  mrcular^  eUip  • 
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Heal,  cyckidaly  eaienarian,  parabolical,  &c.    There  are  also 
pointed,  con^forite,  and  lancet,  or  G^^Asc  arches. 

A  rampant  arch  is  when  the  springing  lines  are  of  two 
unequal  neights. 

^en  the  intrados  and  extrados  of  an  arch  are  parallel,  it 
is  said  to  be  extradossed.  ^ 

There  are^  however,  other  terms  much  used  by  masons ; 
for  example,  the  semicircniar  are  caJled  perfect  arches,  and 
those  less  tihan  a  semicircle,  imperfect,  surbused,  or  cKmi- 
tdshed  arches. 

Arches  are  also  called  surmounted,  when  they  are  higher 
than  a  semicircle. 

A  vault  is  an  arch  nsed  in  the  interior  of  a  bnilding, 
overtopping  an  area  of  a  given  boundary,  as  a  passage,  or 
an  apartment,  and  supported  by  one  or  more  walls,  or  pil- 
lars, placed  without  the  boundary  of  that  area. 

Hence  an  arch  in  a  wall  is  seldom  or  never  called  a  vault ; 
and  every  vault  may  be  called  an  arch^  but  every  arch  can- 
not be  termed  a  vault. 

A  groin  vault,  is  a  complex  vault,  formed  by  the  intersec- 
tion of  two  solids*  whose  surfaces  coincide  with  the  intra- 
dos of  the  arches,  and  are  not  confined  to  the  same  heights. 
An  arch  is^  said  to  stand  upon  splayed  jambs,  when  the 
springing  lines  are  not  at  right  angles  to  the  face  of  the  wall. 

In  the  art  of  constructing  arches  apd  vaults,  it  is  neces- 
sary to  build  them  in  a  mould,  until  the  whole  is  closed : 
the  mould  used  for  this  purpose  is  called  a  centre.  The  in- 
trados of  a  simple  vault  is  generally  formed  of  a  portion  of 
a  cylinder,  cylindroid,  sphere,  or  spheroid,  that  is,  never 
greater  than  the  half  of  the  solid :  and  the  springing  lines 
which  terminate  the  walls,  or  when  the  vault  hepm  to 
rise,  are  generally  straight  lines,  parallel  to  the  axis  of  the 
cylinder,  or  cylindrpid.  s-     - 

A  circular  wall  is  generally  terminated  with  a  spherical 
vault,  which  is  either  hemispherical,  or  a  portion  of  a 
sphere  less  than  an  hemisphere. 

Every  vault  which  has  an  horizontal  straight  axis,  is  call- 
ed a  straight  vault ;  and  in  addition  to  what  we  have  already 
said,  the  concavities  which  two  solids  form  at  an  angle^  re* 
ceiye  likewise  the  name  of  arch. 

An  arch,  when  a  cylinder  pierces  another  of  a  greater  dia- 
'meter,  is  called  cylindro-cylindric.  The  term  cylindro  is 
applied  to  the  cylinder  of  the  greatest  diameter,  and  the 
term  cylindric  to  the  less. 
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'  If  a  cylinder  intersect  a  sphere  of  greater  cUameter  than 
the  cylinder,  the  arch  is  called  a  sphero-cyUndric  arch  ;  but 
on  the  other  hand,  if  a  sphere  pierce  a  cylinder  of  greater 
diameter  than  the  sphere,  the  arch  is  called  a  cylindro-sphe'' 
ric  arch. 

If  a  cylinder  pierce  a  cone,  so  as  to  make  a  complete  per- 
foration through  the  cone,  two  complete  arches  will  be 
formed,  called  cano-cylindric  arches ;  but,  on  the  contrary, 
if  a  cone  pierce  a  cylinder,  so  ,that  the  concavity  made  ly 
the  cone  is  a  conic  surface,  the  arch  is  called  cyhndro-conic 
arch. 

If,  in  a  straight  wall,  there  be  a  cylindric  aperture  con* 
tinning  quite  throuKh  it,  two  arches  will  be  formed,  caU^ 
plano^cylindric  arches. 

Every  description  of  arch  is,  in  a  similar  manner  to 
the  above,  denoted  by  the  two  preceding  words;  the 
former  ending  in  o,  signifying  the  principal  vault,  or  sur- 
face cut  through ;  and  the  latter  in  tc,  signifying  the  de- 
scription of  the  aperture  which  pierces  or  intersects  the  wall 
or  vault* , . 

«  When  groins  are  introduced  merely  for  use,  they  may  be 
built  either  of  brick  or  stone ;  but,  when  introduced  by  way 
of  proportion  or  decoration,  their  beauty  will  depend  on  the 
generating  figures  of  the  sides,  the  regularity  of  the  sur- 
fiEu^e,  and  the  acuteness  of  the  angles,  which  should  not  be 
obtunded.  In  the  best  buildings,  when  durability  and 
elegance  are  equally  required,  they  may  be  constructed  of 
wrought  stone ;  and,  when  elegance  is  wanted,  at  a  trifling 
expense^  of  plaster,  supported  by  timber  ribs. 

in  stone-cutting,  a  narrow  surface  formed  by  a  point  or 
chisel,  on  the  surface  of  a  stone,  so  as  to  coincide  with  a 
straight  edge,  is  called  a  draught. 


The  formation  of  stone  arches  has  always  been  considered 
a  most  usefd  and  important  acquisition  to  the  operative 
mason;  in  order,  therefore,  to  remove  any  difficulties 
which  might  arise  in  the  construction  of  arches  of  different 
descriptions,  both  in  straight  ana  circular  walls,  we  shall  here 
introduce  a  few  examples,  which,  it  is  hoped,  with  careful 
examination,  will  greatly  facilitate  a  knowledge  of  some  of 
the  most  abstruse  parts  of  the  art. 

fig.  561,  No.  1.  To  find  the  mouldB  necessary  for  the  constmction  of 
a  semicircidar  areh^  catting  a  straight  wall  obliquely. 
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Let  ABCDEFOH  be  the  plan  of  the  ardi ;  IKLM  the  outer  line; 
•nd  NOPQ  the  inner  line  on  the  eleration. 

abede,  oattie  elevation,  shows  the  bevel  of  each  joint  or  bed  from  the 
laee  of  tiie  wall ;  and  abed  e  below,  ghes  the  mould  for  the  same,  where 
#  y  on  the  elevation  corresponds  with  ir  y  at  a. 

The  arch  mould,  fig.  651,  No.  2,  is  applied  on  the  face  of  the  stone, 
and  on  being  appUed  to  die  parts  of  the  plan,  gives,  of  course,  the  bcTe 
of  each  concave  side  of  the  stone  with  the  face,  that  is  K  to  0»  on  thede- 
vation. 

Fig.  558.  To  find  the  mould  for  constructing  a  semicircular  arch  in  a 
circular  wall. 

No.  1  is  the  elevation  of  the  arch ;  and  No.  8  the  plan  of  the  bottom 
bed  from  qtor. 

a  to  6  is  what  the  arch  gains  on  the  circle  from  the  bottom  bed  Aro  to/; 
and  eio  dis  the  projection  of^he  intrados  to  p,  on  the  joint  /.  p, 

Nos.  8,  8,  4,  are  plans  of  the  three  arch-stones,  1,  8,  8,  in  the  eleva- 
tion ;  .and  Nos.  5  and  6  are  moulds  to  be  applied  to  the  beds  of  stones 
1  and  8,  in  which  *  e  equals  «  e  in  JSio,  8,  and  ^w  equals  tw  in  No.  8. 

In  No.  If  kip  0  is  the  arch  or  face  mould. 

When  the  reader  is  thoroughly  proficient  in  the  constnic- 
tion  of  arches,  tinder  given  datas,  as  the  circumstaiaces  of 
the  case  may  point  oat,  he. may  proceed  to  investigfite  the 
principles  of  spherical  domes  and  groins. 

Figs.  553  and  554  show  the  principles  of  developing  the  soffits  of  the 
arches  in  the  two  preceding  examples.  In  each  theletters  of  inference 
are  alike,  and  the  operation  is  precisely  the  same. 

Let  ABDE  be  the  plan  of  the  opening  in  the  wall ;  and  A.FB  the 
devation  of. the  arch:  produce  the  ckord  AB  to  C,  divide  the  siemiciKle 
AFfi  into  any  number  of  parte,  the  more  the  bettor^  and  with  the  coai- 
passes  set  to  any  one  of  these  divisions,  run  it  as  many  times  (ilong  AC 
as  the  semicircle  is  divided  into ;  then  draw  lines,  perpendicular  to  B€, 
through  every  division  in  liie  semicircle  and  the  line  CA,  and  S(it  the  dis- 
tance lb,  2d,  Sf,  &c.  respectively  equal  tomb,  e  d,  •f,  Ste.  and  then  by 
tracing  a  curve  through  these  points,  and  finding  the  points  in  the  line 
GD,  in  the  same  manner,  the  soffit  of  the  arch  is  complete. 

Fig.  555,  shows  the  method  of  constructing  spherical  domes^ 

No.  1  mould  is  applied  on  the  spherical  sunace  to  the  vertical  ioints  ; 
and  No.  8  mould  on  the  same  surface  to  the  other  joints ;  aadm  botk 
cases,  tlie  mould  tends  to  the  centre  of  the  dome. 

3,  4,  5,  6,  7,  and  S,  are  moulds  which  apply  on  the  convex,  mirface  to 
the  horizontal  joint,  the  lines  ab,  c  d,  ef,  &c.  being  at  riglKt  angina  to 
the  different  radii,  b  c,  dcnfc,  &c.  and  produced  until  they  intersect 
the  perpendicular  ae  ;  the  diiTerent  intersections  are  the  cei itres  wbich 
give  the  circular  leg  of  the  mould,  and  the  straight  part  giv  es  the  hori- 
zontal  joint. 

Fig.  556  exhibits  ihe  plan  of  a  groined  vault. 

Lay  down  the  arch,  either  at  the  iull  or  half  size,  on  a  floor  or  piece  of 
floor-cloth,  then  divide  and  draw  on  the  plan  the  number  of  j  oints  in  the 
semicircular  arch,  and  from  the  intersections  with  tiie  diagona/is,  draw  the 
transverse  joints  on  the  plan,  and  produce  them  till  they  t«  mch  tke  in* 
tradoes  of  the  elliptical  arch,  the  curve  of  which  may  be  foun*i  by  setting 
the  corresponding  distances  firom  the  line  of  the  base  to  the  <  nirve  ;  thus 
«  b  equal  toab.    This  being  accomplished,  draw  the  joints  oi:  the  ellipti- 
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cafarch  in  the  manner  of  which  we  give  ed,ta9k  specimeD.  To  draw  the 
joint  c  d,  draw  the  chord  e  e  and  bisect  it,  draw  a  line  from  the  centre  c, 
through  the  bisecting^  point,  and  produce  it  till  it  touches  the  perpendicu- 
lar ef;  and  ed^  being  at  right  angles  to  e/,  will  be  the  joint  required.  In 
the  same  manner  the  others  are  found. 

By  examination,  it  will  be  seen,  that  a  rectangle  circumscribinr  the 
mould  8,  3,  rives  the  size  of  the  stone  in  its  scjuare  state,  and,  that  if  each 
stone  in  both  arches  be  thus  enclosed,  the  dimensions  for  each  will  be 
found,  as  also  the  position  in  which  the  moulds  must  be  placed.  The 
dark  lines  rive  the  different  bevels  which  must  be  carefully  prepared  and 
applied  to  the  stones  in  the  manner  represented  in  the  figure. 

Fig.  557.  To  draw  the  joints  of  the  stones  for  an  eUiptical  arch  in  a 
wall,  &c. 

The  curve  is  here  described  by  the  intersection  of  lines,  which,  cer- 
tainly, gives  the  most  easy  and  pleasing  curve,  as  segments  of  circles 
apply  only  under  certain  data,  or  in  the  proportion  which  the  axis  major 
has  to  the  axis  minor,  while  the  intersection  of  lines  apply  to  any  descrip* 
tion  of  ellipsis.  Find  the  foci  F.  In  an  ellipsis  the  distance  of  either 
focus  from  one  extremity  of  the  axis  minor  is  equal  to  the  semi-axis  ma- 
jor ;  that  is,  DF  is  equal  to  c  C.  Then  to  find  any  joint,  a  b,  draw  lines 
from  both  foci  through  the  point  b,  as  Fe,  fd,  and  bisect  the  angle  dbe 
by  the  line  a  b,  which  is  the  joint  required. 

Having  thus  given  a  general  outline  of  the  principles  of 
masonry,  and  acconapanied  the  same  with  a  few  examples 
on  the  most  abstruse  parts  of  the  art,  we  shall  conclude 
this  part  of  our  treatise  with  the  methods  employed  in  the 
mensuration  of  masons'  work. 

Rough  stone  or  marble  is  measured  by  the  foot  cube :  but 
in  measuring  for  workmanship^  the  superficies  or  surface^ 
for  plain  work^  is  measured  before  it  is  sunk.  In  measuring 
ashlar,  one  bed  and  one  upright  joint  are  taken  and  con- 
sidered plain  work.  In  taking  the  plain  sunk,  or  cir- 
cular work,  And  the  straight  moulded,  or  circular  moulded 
work,  particular  c^re  is  required  to  distinguish  the  different 
kinds  of  work  in  the  progress  of  preparing  the  stone.  In 
measuring  strings,  the  weathering  is  denominated  sunk 
tporky  and  the  grooving  throatings. 

Stone  cills  to  windows,  &c.  are,  in  general,  about  4{ 
inches  thick  and  8  inches  broad,  and  arc  weathered  at  the 
top,  which  reduces  the  front  edge  to  about  4  inches,  and  the 
horizontal  surface  at  the  top  to  about  1|  inch  on  thQ  inside ; 
so  that  the  part  taken  away  is  6^  inches  broad  and  three 
quarters  (rf  an  inch  deep.  Cills,  when  placed  in  the  wall, 
{generally  project  about  2^  inches.  The  horizontal  part  left 
on  the  mside  of  the  cill  is  denominated  plain  work;  and 
the  sloping  part  mnk  work ;  and  in  the  dimension  book 
are  entered  thus,— 
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U 

4 

8  inchei  the  breadth  of  the  pfaun  vwfc  in  the  eiU 
accordini^  to  the  aboTe  dimeBsbof,— <faiii 


6* 


2  8 

2  8 

6 


Plain  work. 
Sunk  work. 
Plain  to  ends. 


4  0  of  throatinf . 

No  account  is  taken  of  the  sawing^ 

Cornices  are  measnred  by  girthing  round  the  moulded 
parts,  that  is,  the  whole  of  the  vertical  and  under  parts, 
called  moulded  work  : — for  example,  suppose  a  cornice  pro- 
ject one  foot,  girth  two  feet,  and  is  40  fi^t  in  length,  then 
the  dimensions  will  be  entered  as  under. — 


Moulded  work. 


\40 
8 

80 
40 

40 
1 

Sunk  work  at  top. 


AH  the  Tertical  joints  must  be  added  to  the  above. 

Cylindrical  work  is  measured  in  the  girth ;  and  the  sur- 
face is  calculated  to  be  equivalent  to  plain  work  twice 
taken. 

For  example,  suppose  it  be  required  to  measure  die  plain 
work  or  a  cylinder,  10  feet  long,  and  5  feet  in  circumference^ 
the  dimensions  would  then  be  entered 

6   0  ^^  ^^^'  ^^'^  ^oriL»  double  measure. 

P&ving-slabs  and  chimney-pieces  are  found  by  superficia. 
measure,  as  also  are  stones  under  two  inches  thick. 

The  manner  in  which  the  dimensions  of  a  house  are 
taken,  vary  according  to  the  place  and  the  nature  of  the 
agreements 

In  Scotland,  and  most  parts  of  England,  if  the  builder 
engages  only  for  workmanship,  the  dimensions  are  taken 
round  the  outside  of  the  house  for  the  length,  and  the 
height    is  taken  for  the  width,  and  the  two  multiplied 
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together  gives  the  superficial  contents.  This^  however, 
applies  only  when  the  wall  is  of  the  same  thickness  all  the, 
way  tip ;  and  when  not,  as  many  separate  heights  are  taken 
as  there  are  thicknesses.  This  mode  of  measuring  gives 
sometiiing  more  than  the  truth,  by  the  addition  of  Uie  four 
quoins,  which  are  pillars  of  two  feet  squares ;  but  this  is  not 
more  than  considered  sufficient  to  compensate  the  workmen 
for  the  extra  labour  in  plumbing  the  quoins. 

If  there  be  a  plinth,  string,  course-cornice,  or  blocking 
course,  the  height  is  taken  from  the  bottom  of  the  plinth 
to  the  top  of  the  blocking  course,  including  the  thickness  of 
the  same ;  that  is,  the  measurer  takes  a  line  or  tape  and  be- 
gins, we  will  suppose,  at  the  plinth,  then  stretching  the  line 
to  the  top,  bends  it  into  the  offiet,  or  weathenng,  and, 
keeping  tne  comer  tight  at  the  internal  angle,  stretches  the 
line  vertically  upon  the  face  of  the  wall,  from  the  internal 
angle  to  the  internal  angle  of  the  string ;  then,  girths  round 
the  string  to  the  internal  angle  at  the  top  of  the  string,  and 
keeping  the  line  tight  at  the  upper  internal  angle,  stretches 
it  to  meet  the  cornice;  he  then  bends  it  round  all  the 
mouldings  to  the  internal  angle  of  the  blocking  course, 
from  which  he  stretches  the  string  up  to  the  blacking  course, 
to  the  farther  extremity  of  the  breadth  of  the  top  of  the 
same ;  so  that  the  exteut  of  the  line  is  the  same  as  the 
vertical  section  stretched  out :  this  dimension  is  accounted 
the  height  of  the  building. 

With  respect  to  the  length,  when  there  arc  any  pilasters, 
breaks,  or  recesses,  the  girth  of  the  whole  is  taken  at  the 
length.  This  method  is,  perhaps,  the  most  absurd  of  any 
admitted  in  the  art  of  measuring;  since  this  addition  in 
height  and  length,  is  not  sufficient  to  compensate  for  the 
value  of  the  workmanship  on  the  ornamental  parts. 

The  value  of  a  rood  of  workmanship  must  be  first  ob* 
tained  by  estimation,  that  is,  by  finding  the  cost  of  each 
kind  of  work,  such  as  plinth,  strings,  cornices,  and  archi- 
traves,  &c.  and  adding  to  them  the  plain  ashlar  work,  and 
the  value  of  the  materials,  the  amount  of  which,  divided 
by  the  number  of  roods  contained  in  the  whole,  give  the 
mean  price  of  a  single  rood.  When  the  apertures  or  open- 
ings in  a  building  are  small,  it  is  not  customary  to  make 
d^actions  either  for  the  materials  or  workmanship  which 
are  there  deficient,  as  the  trouble  of  plumbing  and  return* 
ing  the  quoins,  is  considered  equivalent  to  the  deficiency  of 
materials  occasioned  by  such  aperture. 

2  N 
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Elsam'B  Gentlemau'd  and  Builder's  AsthtiAt,  giiFei  ttef 
following  informatioD  oil  the  practice  of  itoeasuriog  itoogh 
•tone  work.  *  .  ,  ^ 

To  find  the  number  of  pinrchea  dotitiSiica  in  fk^jHifibe  m 
rough  stone-work. 

Iffte  widl  b«  at  the  itandaid  (liiel^^fts^  tbat  is,  12  inchet  lu^h,  18 
indief  thick,  uid  91  fetft  kmf .  divide  tlie  ami  bjr  81i  md  tite  qaottenf,  if 
aay.  will  be  the  antwer  in  percheB,  and  the  remainder,  if  anf,  ia  feet. 
If  the  wall  be  more  or  lets  than  18  inches  thick,  multiply  ^e  area  of  the 
wan  bj  the  number  of  inches  in  thickness,  which  predoet,  dhided  bf  18^ 
and  ihat  quotient  by  91,  will  give  the  perches  contained. 

Example.  A  piece  of  stone-work  iA  40  ftet  lon^,  90  ftet  hight  and  94 
iachet  thick,  hownstty  pvrcbetareeoiitAhiediiiit? 

40  len^h. 
90  height. 

80O 

94 

3900 
1600 

^  91)  P,    P.  fn. 

18)  19900    (1009    (  ^   16   8 
18  105 

190             16 
108        

190 
108 

12  equal  to  8  inches. 

The  method  hiat  described,  of  finding  the  vahie  of  maaon*8 
work,  is  usually  adopted,  the  perch  b^ing  the  standard  of 
the  country ;  but  tlw  most  expeditious  way  of  ascertaining 
the  value,  is  to  cube  the  contents  o(  the  wall,  and  to  charge 
the  work  tA  per  foot.  To  ascertain  the  tidue  of  ebmiskOir 
stone- izroiic,  a  calculation  should  be  msde  of  the  prime  eoat 
of  all  liie  component  parts,  consisting  of  the  stones  in  the 
quarry,  the  expense  of  i^uarrying,  land*carriage  to  the  place 
where  it  is  to  be  used,  with  the  extra  trouble  and  consequent 
expense  in  carrying  the  stone  one,  two,  three,  or  more 
stories  higher.  Aiao  the  price  of  the  lime  when  delivered,  to- 
(jl^ther  with  the  e^rt^ra  expense  of  wages  to  workmen,  if  in  the 
countiy ;  all  these  circumstances  must  be  taken  into  c<mat- 
deration  in  finding  the  value  of  a  perch  of  common  stone- 
woiic,  the  expense  of  whidi^  will  be  Knmd  to  vaiyaeceilrdiiig  to 
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locatcircumstanceB,  in  degrees  scarcely  credible ;  wlierefbre 
a  definite  price  caonot^  with  propriety^  be  fixed* 

BRICKLAYING 

In  btiilding  upon  an  iuclined  plane,  or  ridii^  ground,  the 
foundation  must  be  made  to  rise  in  a  series  of  level  steps, 
acGordiog  to  the  general  line  of  the  ground^  to  insure  a  firm 
bed  for  the  courses,  and  prevent  them  from  sliding ;  for  if 
this  mode  be  not  adopted,  the  moisture  in  the  foundations  in 
Wet  weather,  will  induce  the  inclined  parts  to  descend,  to 
the  manifest  danger  of  fracturing  die  walls  and  destroying 
the  building. 

In  walling,  in  dry  weather,  when  the  work  is  required  to 
be  firm,  the  best  mortar  must  be  used ;  and  the  bncks  must 
be  wetted,  or  dipped  in  water,  as  they  are  laid,  to  cause 
them  to  adhere  to  the  mortar,  which  they  would  not  do  if 
Iiud  dry ;  for  the  dry  sandy  nature  of  the  brick  absorbs  the 
moisture  of  the  mortar  and  prevents  adhesion. 

In  carrying  ud  the  wall,  not  more  than  four  or  five  feet  of 
any  part  should  be  built  at  a  time  ;  for,  as  all  walls  shrink  im- 
mediately after  building,  the  part  which  is  first  carried  up  will 
settle  before  the  adjacent  part  is  carried  up  to  it,  and,  con- 
sequently, the  shrinking  of  the  latter  will  cause  the  two 
parts  to  separate ;  therefore,  no  part  of  a  wall  should  be 
carried  higher  than  one  scaffold,  without  having  its  contin- 
gent parts  added  to  it.  In  carrying  up  any  particular  part,  / 
the  ends  should  be  regularly  sloped  off,  to  reoeive  the  bond 
of  the  adjoining  parts  on  the  rignt  and  left. 

There  are  two  descriptions  of  bonds  i  English  bond,  and 
Flemish  band.  In  the  English  bond,  a  row  of  bricks  is  laid 
lengthwise  on  the  length  of  the  wall,  and  is  crossed  by  ano- 
ther row,  which  has  its  length  in  the  breadth  of  the  wall, 
and  so  on  alternately.  Those  courses  in  which  the  lengths 
of  the  bricks  are  disposed  through  the  length  of  the  wall, 
are  termed  stretching  courses,  and  the  bricks  stretchers :  and 
those  courses  in  which  the  bricks  run  in  the  thickness  of 
the  lengths  of  the  walls,  heading  courses,  and  the  bricks 
headers. 

The  other  description  of  bond,  called  JPIemish  bond,  con« 
sists  in  placing  a  header  and  a  stretcher  alternately  in  the 
same  course.  The  lattctr  is  deemed  the  neatest,  and  most 
elegant ;  but,  in  the  execution  is  attended  with  great  incon- 
venience, and,  in  most  cases^  doea  not  unite  the  parts  of  a 
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wall  With  toe  same  degree  of  firmness  as  the  English  bond. 
In  general^  it  may  be  observed^  that,  whatever  advantages 
arc  gained  by  the  English  bond  in  tyin^  a  wall  together  in 
its  thickness,  they  are  lost  in  th6  longitudinal  bond ;  and 
vice-versa.  To  remove  this  inconvenience,  in  thick  walls, 
some  builders  place  the  bricks  in  the  cone  at  an  angle  of 
forty-five  degrees,  parallel  to  each  other,  throughout  the 
length  of  every  course,  but  reversed  in  the  alternate 
courses ;  so  that  the  bricks  cross  each  other  at  right  an- 
gles. But  even  here,  though  the  bricks  in  the  cone  have 
sufficient  bond,  the  sides  are  very  imperfectly  tied,  on  ac- 
count of  the  triangular  interstices  formed  by  the  oblique 
direction  of  the  internal  bricks  against  the  flat  edges  of  those 
in  the  outside. 

Concerning  the  English  bond,  it  may  be  observed,  that, 
as  the  longitudinal  extent  of  a  brick  is  nine  inches,  and  its 
breadth  four  and  a  half,  to  prevent  two  vertical  joints  from 
running  over  each  other  at  the  end  of  the  first  stretcher 
from  the  corner,  it  is  usual,  after  placing  the  return  corner 
stretcher,  which  occupies  half  of  the  len^h  of  this  stretcher, 
and  becomes  a  header  in  the  face,  as  the  stretcher  is  bj- 
low,  to  place  a  quarter  brick  on  the  side,  so  that  the  two 
together  extend  six  inches  and  three-quartet's,  being  a  lap 
of  two  inches  and  a  half  for  the  next  header.  The  bat  thus 
introduced  is  called  a  closer,  A  similar  effect  may  be  ob- 
tained by  introducing  a  three-quarter  bat  at  the  corner  of 
the  stretching  course,  so  that  the  corner  header  being  laid 
over  it,  a  lap  of  two  inches  and  a  quarter  will  be  left,  at 
the  end  of  the  stretchers  below,  for  the  next  header,  which 
being  laid  on  the  joint  below  the  stretchers,  will  coincide 
with  its  middle. 

In  the  winter,  it  is  very  essential  to  keep  the  unfinished 
wall  from  the  alternate  effects  of  rain  and  frost ;  for  if  it  is 
exposed,  the  rain  will  penetrate  into  the  bricks  and  mortar, 
and,  by  being  converted  into  ice,  expand,  and  burst  or 
crumble  the  materials  in  which  it  is  contained. 

The  decay  of  buildings,  so  commonly  attributed  to  the 
eff*ects  of  time,  is,  in  fact,  attributable  to  this  source ;  but 
as  finished  edifices  have  only  a  vertical  surface,  the  action 
and  counter-action  of  the  i*ain  and  frost  extend  not  so  ra- 
pidly as  in  an  unfinished  wall,  where  the  horizontal  sur- 
face permits  the  rain  and  frost  to  have  easy  nccess  into  the 
body  of  the  work.  Great  care,  therefore,  must  be  taken  as 
soon  as  the  frost  or  stormy  weather  sets  in,  to  cover  the  nn- 
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finished  waRs^  either  with  straw,  which  is  the .  most  com- 
moo,  or  weather  boarding. 

When  weather  boarding  is  employed,  it  is  advisable  to 
have  a  good  layer  of  straw  between  the  work  and  the  board- 
ing, and  to  place  the  boarding  in  the  form  of  stone-coping, 
to  throw  the  water  off  equally  on  both  sides. 

A  number  of  very  pleasing  cornices  and  other  ornaments 
may  be  formed  in  brick-work,  by  the  mere  disposition  of 
the  bricks,  without  cutting ;  and  if  cut,  a  simple  champher 
will  be  sufficient.  A  great  defect,  however,  is  very^often 
observable  in  these  ornaments,  particularly  in  the  bulging 
of  arches  over  windows ;  which  arises  from  mere  careless- 
ness, in  rubbing  the  bricks  too  much  on  the  inside  ;  where- 
as, if  due  care  were  taken  to  rub  them  exact  to  the  gauge, 
their  geometrical  bearings  being  united,  they  would  all  tend 
to  one  centre,  and  produce  a  well- proportioned  and  pleasing 
effect. 

In  steining  wells,  it  is  necessary  first  to  make  a  centre, 
consisting  of  a  boarding  of  inch  or  inch  and  a  half  stuff, 
ledged  within  with  tbreecircular  rings,  upon  which  the  bricks, 
all  headers,  are  laid.  The  vacuity  between  the  bricks  towards 
the  boarding,  are  to  be  filled  in  with  tile  or  other  pieces  of 
brick.  As  the  well-sinker  proceeds  to  excavate  the  ground, 
the  centre  with  its  load  of  bricks  sinks,  and  another  similarly 
charged  is  laid  upon  it,  and  another  upon  that,  and  so  on  till 
the  wall  is  complete,  the  centreing  remaining  with  the 
brick-work.  This  plan  is  generally  adopted  in  London,  at 
least  where  the  soil  is  sandy  and  loose ;  where  it  is  firm, 
centreings  are  not  requisite.  In  the  country,  among  many 
other  methods,  the  following  is  most  approved : — rings 
of  timber,  without  the  exterior  boarding,  are  used ;  upon  the 
first  ring,  four  or  five  feet  of  bricks  are  laid,  then  a  second 
ring,  and  so  on.  But  the  mode  before  described  is  by  far 
the  most  preferable ;  as  in  the  latter  the  sides  of  the  brick- 
work are  apt  to  bulge  in  sinking,  particularly  if  great  care  be 
not  taken  in  filling  and  ramming  the  sides  uniformly,  so  as 
to  keep  the  pressure  regular  and  equal.  In  steining  wells 
and  building  cesspools,  a  rod  of  brick- work  will  require  at 
least  4760  bricks. 

As  the  construction  of  walls,  arches,  groins,  &c.  in 
brick-work,  approximates  so  nearly  to  that  of  stone-work, 
and  as  the  same  observations  generally  apply,  further  infor- 
mation would,  perhaps,  be  considered  superfluous ;  we 
shall,  therefore,  conclude  this  article  with  some  practical 
observations  on  the  measuring  of  brick-work. 
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Bridk*VDi%:  Ib  meMored  and  valued  by  the  rod.  Hiecoii* 
tents  of  a  rod  of  brick-work  is  16}  feet  aquaro ;  ciMiseqaent-* 
ly,  the  superficial  rod  contaius  272*2&,  or  373i  square 
feet ;  but  as  the  quarter  has  been  found  treoUesoine  in  cal- 
cnlation^  3J2  superficial  feet  has  been  admitted  as  the 
standard. 

The  standard  thickness  of  a  bride  wall  is  14  brick  laid 
lengthwise ;  therefore^  if  272  square  feet  be  multiplied  by 
13  inches,  the  residt  will  be  306  cubic  feet,  or  a  rod! 

A  rod  of  standard  brick-work,  making  the  neoesmry  allow* 
ance  for  mortar  and  waste>  will  require  4&00  bricKS ;  but 
this  quantity  is  of  course  reded  by  the  siase  of  tfie  hdck,  and 
the  closeness  of  the  ioints. 

A  foot  of  reduced  brick-work  requires  17  bricks ;  a  foot 
supei&ial  of  n^ail  fexdng,  laid  in  Flemish  bond,  6  bricks ; 
and  a  foot  superficial  of  gauged  arches,  10  bricks.  In  pamg, 
a  yard  will  require  82  paying  bricks,  or  48  stock  bricks,  or 
38  bricks  laid  flat. 

A  square  of  tiling  contains  100  superficial  feet ;  and  re-* 
quires  of  plain  tiles,  800  at  a  six-inch  gauge,  TOO  at  a  seven- 
inch  gauge,  or  600  at  an  eig^tHmch  ^uge. 

The  distances  between  the  respective  laths  must  depend 
on  the  pitch  of  the  roof ;  and  one  roof  may  require  a  6, 
7,  and  8  indi  gauge.  For  instance,  a  kirt  roof  wiU  require, 
in  the  kirt  part,  a  74  or  8  inch  gauge,  and  in  tbe^ipper  part 
6,  6^,  or  7  inch,  t^e  gauge  decreasing  in  the  ratio  of  t^ 
angle  of  devation. 

A  square  of  plun  tiling  wiU  inquire  a  bundle  of  laths, 
more  or  less,  according  to  the  pitch ;  with  two  bufliiels  of 
lime,  one  bushel  of  sand,  and  a  peck  of  tile-juns. 

Laths  are  sold  by  the  thousand,  or  bundle ;  ^md  each 
bundle  is  «n}^>osed  to  contain  I^  laths,  thougk  the  exact 
number  depMends  on  the  length ;  the  3  feet  containing  5 
score,  the  4  feet  4  scone,  the  6  feet  3  score,  and  ao  on  in 
proportion. 

A  sqtiare  of  pan-tiling  requires  180  tfles,  laid  at  a  ten* 
inch  gauge ;  and  one  bundle,  eootaining  12  laths,  ten  feet 
long. 

In  lime  measure,  25  struck  bushels,  or  100  pecks,  make  a 
bundred  of  lime ;  8  gallons,  a  bushel  dry  measure ;  and  268 
cubic  tnobes,  one  gaUon. 

In  measuring  sud,  24  heaped,  or  30  struck  bushels  mike 
one  load ;  and  24  cubic  feet  weighs  one  ton. 

A  load  of  mortar,  wfaicii  ought  to  contain  half  ahundoed  el 
lime,  with  a  proportionate  quantity  of  sand,  is  27  cubic  feet« 


BycavalipOT  <4^e  earth  ase  pleasured  )[)y  tt^  njiaW  9i 
c«d>ic  yards  vwhieh  they  coniidn,  Uierefote^  to  (find  the  aviJid»r 
of  .cubic  yards  in  a  trencli^  find  the  soli^ty  of  the  trench  in 
culpjc  feet^  and  divide  it  b^  27)  the  number  of  cubic  feet  ip 
a  yac^^  and  thje  quotient^  }s  the  number  of  oabic  yards^  a^d 
the  remainder  the  number  of  cubic  feet. 

For  example,  the  length  of  a  trench  is  00  feet,  the  depth  8  feet,  and 
the  breadth  2  feet. 

60 
3 

180 
2 

ydt./i. 

87)880(13    gtheantwcr. 

90 
81 


In  the  horizontal  dimensions^  if  the  trench  be  wider  at  the 
top  than  it  is  at  the  bottom^  and  equal  at  the  ends,  take 
half  the  sum  of  the  two  dimensions  for  a  mean  breadth ; 
and  if  the  breadth  of  one  end  of  the  trench  exceed  that  of 
the  other,  so,^  ^  hAve  twp  mOB^  bceadthsj  differing  from 
each  other,  take  half  the  sum  of  the  two  added  together,  as 
a  mean  breadth  of  the  whole/ 

In  measuring  the  footing  of  a  wall,  multiply  the  length 
and  the  height  of  the  courses  together ;  then  multiply 
the  product  by  the  number  of  h^f  bricks  in  Ae  mean 
breadth,  divide  the  last  product  by  3,  and  the  quotient  is 
the  answer  in  reduced  feet.  Instead  of  measuring  the 
height  of  the  footing,  it  is  customary  to  allow  diree  inches 
to  each  course  in  height,  or  multiply  the  number  of  courses 
by  3,  which  gives  the  height  in  inches. 

To  find  the  contents  in  rods  of  a  piece  of  brick  work. 

Case  1.  If  the  wall  be  of  the  standard  thickness,  divide  the  area  of  the 
wall  by  272,  and  the  quotient  is  the  number  of  rods,  and  the  remainder 
the  number  of  feet ;  but  if  the  wall  be  either  more  or  less  than  a  brick 
and  a  half  in  thickness,  multiply  the  area  (k  the  ,wall  by  the  number  of 
half  bricks,  that  is,  tlie  number  of  half  lengths  of  a  brick  ;  divide  the 
product  by  8,  wluch  ^i^  jreduce  the  wsU  ito  w  standard  thickness  of  1} 
brick,  then  divide  the  quotient  by  272,  and  it  wiU  rive  the  number  of  rodst 

Case  II.  Divide  the  number  of  cubic  feet  contained  in  the  wall  by  80S ; 
the  quotient  will  give  the  number  of  rods,  a^  jthe  remamder  the  number 
of  cubic  feet.         ^ 

Case  lil.  Multiply  the  numter  of  cubic  feet  in  a  wall  by  8 ;  divide  the 
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jirodnct  hy  0 ;  and  th«  quotient  will  gire  Die  areii  of  II16  wall  at  tkf 
atandard :  divide  thia  atandard  area  hj  879,  and  the  quolieiit  wiU  gift 
the  number  of  roda ;  the  remainder  tlie  redneed  feet. 

Example.  The  length  of  a  wall  ia  0  feet»  the  height  90  feet,  aadtba 
thickness  equal  to  the  length  of  three  bricks ;  it  is  therefore  required 
to  know  how  many  rods  of  brick-work  is  contained  in  the  aaid  wsu  ? 
By  Case  I.  00 

£0 


3)7900 

979  )  9400  (  8  rods  994  feet  the  answer. 
9170 


V* 


Case  11  GO 

90 


1900 

9.8  thickness  of  wall 

9(00 
800 

800 )  9700  (8  rods  959  feet  the 
9U6 

959 


Cast  ill.  00 

90 

1900 
9.8 

9400 
800 

9700 
8 

9)91000 

979)  9400(8rods99ifeet,astnCaaoI 
9170 
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In  the  calculation  of  brick-work,  where  there  are  several 
walls  of  different  thicknesses,  it  will  be  quite  unnecessary 
to  use  the  divisors  3  and  273,  as  wiH  be  hereafter  shown; 

In  taking  dimensions  for  workmanship,  it  is  usual  to 
allow  the  length  of  each  wall  on  the  external  side,  to  com- 
pensate for  plumbing  the  angles ;  but  this  practice  mu&t  not 
be  resorted  to  for  labour  and  materials,  as  it  gives  too  much 
quantity  in  the  height  of  the  building  or  story  by  two  pil- 
lars of  brick ;  and  in  the  horizontal  dimensions  by  the 
thickness  of  the  walls. 

In  measuring  walls,  faced  with  bricks  of  a  superior  quar 
lity,  most  surveyors  measure  the  whote  as  common  work, 
and  allow  an  additional  price  per  rod  for  the  facing,  as  the 
superior  excellence  of  the  work,  and  quality  of  the  bricks 
may  deserve. 

Every  recess  or  aperture  made  in  any  of  the  faces  must 
be  deducted ;  but  an  allowance  per  foot  lineal  should  be 
made  upon  every  right  angle,  whether  external  or  internal, 
excepting  when  two  external  angles  may  be  formed  by  a 
brick  in  breadth,  and  then  only  one  of  them  must  be  al- 
lowed. 

Gauged  arches  are  sometimes  deducted  and  charged  se- 
parate ;  but  as  the  extra  price  must  be  allowed  in  the  for- 
mer case,  it  will  amount  to  the  same  thing. 

In  measuring  walls  containing  chimneys,  it  is  not  custom- 
ary to  deduct  the  flues ;  but  this  practice,  so  far  as  re- 
gards the  materials,  is  unjust,  though,  perhaps,  by  taking 
the  labour  and  materials  together,  the  overcharge,  with 
respect  to  the  quantity  of  bricks  and  mortar,  may,* in  some 
degree,  compensate  for  the  loss  of  time  :  on  the  other  hand, 
if  the  proprietor  finds  the  materials,  it  is  not  customary  to 
allow  for  the  trouble  of  forming  the  flues,  which,  conse- 
quently^ is  a  loss  to  the  contractor  who  has  engaged  by 
task-work  or  measure. 

If  the  breast  of  a  chimney  project  from  the  face  of  the 
wall,  and  is  parallel  to  it,  the  best  method  is,  to  take  the 
horizontal  and  vertical  dimensions  of  the  face,  multiply  them 
together,  and  multiply  the  product  b^  the  thickness,  taken 
in  the  thinnest  part,  without  noticmg  the  breast  of  the 
chimney ;  then  find  the  solidity  of  the  breast  itself,  add 
these  solidities  together,  and  the  sum  will  give  the  solidity  of 
the  wall,  including  the  vacuities,  which  must  be  deducted 
for  the  real  solidity.  Nothing  more  is  necessary  to  be  said 
of  the  shaft,  than  to  take  its  dimensions  in  height,  breadth, 
and  thickness,  in  order  to  ascertain  its  solidity. 
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if  ftiMnaey  be  plao^  at  ea  imgle,  widi  the  fino^  of  toe 
braMt  inleneotiiig  uie  two  ^ides  of  the  wall^  the  breiist  of 
the  chimiiey  most  be  considered  a  triaogalfur  prisai.  To 
take  the  dimeiiBioiis  >— from  the  iuterseetions  of  the  fitovt  of 
the  breast  into  the  two  adjacent  waUsj  draif  two  lines  on 
the  floor,  panllel  to  eacA  fuJUacent  waU ;  then  the  tiiiugle 
on  Ae  flocH-,  inchided  between  the  front  and  these  lines,  will 
be  e<pial  to  the  triangle  on  whidb  the  ^hinapey  stands,  and, 
consequently,  eqnal  to  thearen  of  the  base.  To  afttain  the 
area  of  the  triangular  base,  the  dimeqsions  may  he  taken  in 
^ree  various  ways,  almost  eq^all^*  easy  $  one  of  which  is, 
to  take  the  extent  of  the  base,  which  is  the  horiaonlial  di- 
mension of  the  breast,  and  multiply  it  by  half  of  the  per- 
pendicular ;  or  multiply  the  whole  fiyprpeadicular  W  hvM 
the  base :  but,  as  this  calculation  would,  in  .ciises  of  odd 
numbers,  run  somewhat  long,  a  more  preferable  method  is, 
to  multiply  the  whole  base  by  the  whole  perpendicular,  9^ 
take  half  of  the  product,  which  will  give  the  area  on  which 
the  chimney  stands  ;  and  which,  multiplied  by  the  height^ 
gives  the  solid  contents  of  the  chimney.  From  thif  o^ntepte 
is  to  be  deducted  the  vacuity  for  the  nre-place. 

A  row  of  plain  tiles,  laid  edge  to  edge,  with  their  broad 
surfaces  parallel  to  the  termination  of  a  wall,  so  as  to  pro- 
ject over  the  wall  at  right  anglies  to  the  vertical  surface^  is 
called  single  plain  tUe  crewng;  and  two  rows,  l^id  one 
«hovo  the  other,  the  one  xpw  breaking  the  Joints  of  the 
other,  are  called  double  plain  tile  creasing. 

Over  the  plain  tile  .creasing  a  it>w  of  bricks  is  placed 
on  edge,  with  their  length  in  the  thidcness  of  the  ww,  and 
are  called  a  barge  course,  or  cope. 

Tlie  bricks  in  gables,  whidi  terminate  with  plain  tHe 
cnasing  foped  with  bricks,  in  order  to  form  the  sloping  bed 
for  the  plain  tile  oceasing,  must  be  jcut,  and  the  sloping  of 
the  bricks  thus,  is  called  cut  splay. 

Plain  tile  creasii^  and  cut  splay  are  cbai^  by  the  foot 
run ;  and  the  latter  is  somotimoB  jchaiged  by  the  superficial 
foot. 

A  brifik  nrall  built  in  pannele  between  timber  quarters  is 
called  brick  nogging ;  and  is  g^oerally  measured  by  the  yard 
fi<|uare,  the  quarters  and  viog^mg  pieces  being  included  in 
the  measure. 

Painting  is  the  filling  up  <he  jomts  of  the  bricks  after  the 
walls  are  boUt.  It  ocmoisto  10  mking  out  some  of  the  mor* 
tar  from  the  joints,  and  Ming  them  ngfon  with  Woe  mor- 
tar^ and  in  one  kind  of  pointing,  the  covrsea  are  umvis 
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marked  with  the  end  of  li  trowelj^  called^/-^om/  pmnHng  ; 
but  if^  in  addition  to  flatrjoint  pointings  plaster  be  inserted 
ip  the  loipt  with  a  rep^jilar  |)roj.ectioQ^  and  fteatjy  wed  to 
1^  pi^caUiQ}  breadth,  it  is  termed  hick  pointin^^  or  kick-joint 
pinHting,  f^fioifao&lyj  hkky  md  p^tt.  Poindng  is  ufifisaiad 
by  the  toot  superficial^  including  in  the  price>  mortar^  labour, 
and  scaffolding. 

Rubbed  and  gauged  work  is  set  in  putty  or  mortar  i  and 
is  measured  either  by  the  foot  superncial,  or  the  foot  run, 
accoitling  to  the  manner  in  which  it  is  constructed. 

In  measuriiUg  canted  bow  windows,  the  sides  are  con- 
sidered as  continued  i^traight  lines ;  but  the  aogJes  on  the 
exterior  side  of  the  building,  whether  they  be  external  or 
internal,  are  allowed  for  in  addition,  and  paid  for  under  the 
denooHnation  of  run  of  bircTs  mouth.  All  angles  within  the 
building,  if  oblique,  from  whatever  cause  they  are  made, 
either  by  straight  or  circular  bows,  or  the  splays  of  windows, 
are  allowed  for,  under  the  head  Ot  run  of  cut  sjday. 

Brick  cornices  are  measured  by  the  lencal  foot ;  but  as 
various  kinds  of  cornices  require  more  or  less  difficulty  in 
the  execution,  the  price  must  depend  on  the  labour  and  the 
value  of  the  material  used. 

Garden  walls  are  measured  the  same  as  other  walls,  but  if 
interrupted  by  piers,  the  thin  part  may  be  measured  as  in 
common  walling,  and  the  piers  by  themselves,  making  an 
allowance,  at  per  foot  run,  tor  the  right  angles  I^e  coping 
is  measured  by  itself,  according  to  the  kind  employed. 

Paving  is  laid  either  with  bricks,  or  tiles,  and  is  measured 
by  the  yard  square.  The  price,  per  yard,  is  regulated  by  the 
manner  in  which  the  bricks  or  t^les  are  laid,  whether  flat  or 
edge-ways,  or  whether  any  of  them  be  Idd  in  sand  or  mortar. 

The  circular  parts  of  drains  npay  be  reduced  either  to  the 
standard,  or  the  cubic  foot ;  and  the  .number  of  rods  may,  if 
required,  be  taken.  The  mean  dimensions  of  the  arch 
may  be  found,  by  taking  the  half  sum  of  the  exte^rior  and  in- 
terior circumferences  ;  but,  perhaps,  it  were  better  to  make 
the  price  of  the  common  measure,  whether  it  be  a  foot, 
yard,  or  rod,  greater  as  the  dianpeter  is  less  \  but  as  the  re- 
ciprocal ratio  would  increase  the  price  too  much  in  small 
diameters,  perhaps  prices  at  certain  diameters  would  be  a 
sufficient  regulation. 

The  following  ti^hles  will  be  found  ^  acquisition  to  those 
persons  to  whom  a  saving  of  time  is  an  object;^- 
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TABLE  L 

Thii  Table  ihewB  what  quantity  of  bricks  are  necessanr  to  conftract  a 
piece  of  brick-work  of  any  given  dimenBions,  from  half  a  brick  to  two 
Mdkt  and  a  half  in  thickness ;  and  by  which  the  number  for  any  thick* 
neas  may  be  found. 

This  Table  is  at  the  rate  of  4500  bricks  to  the  rod  of  reduced  brick* 
woriE,  including  waste. 


Arw  of 

The  D  amber  of  bricks  thick  and  the  quaotUj  required. 

or  walL 

1  brick. 

Ibricfc. 

llMek. 

ttrickt. 

Siteiaa. 

5 

11 

16 

22 

27 

11 

22 

83 

44 

55 

16 

S3 

49 

66 

82 

92 

44 

66 

88 

no 

27 

55 

82 

110 

1S7 

S3 

66 

99 

132 

165 

38 

rr 

115 

154 

193 

44 

88 

132 

176 

220 

49 

99 

148 

198 

288 

10 

55 

no 

165 

220 

275 

20 

110 

220 

S30 

441 

551 

SO 

165 

330 

496 

661 

827 

40 

sm 

441 

661 

882 

1102 

50 

2^5 

551 

827 

1102 

1378 

60 

330 

661 

992 

132S 

1655 

70 

386 

772 

1158 

1544 

1930 

80 

441 

882 

1323 

1764 

2205 

90 

496 

992 

1488 

1985 

2480 

100 

551 

1102 

1654 

2205 

2757 

200 

1102 

2205 

3308 

4411 

5514 

300 

1654 

3308 

4963 

6617 

8272 

400 

2205 

4411 

6617 

882S 

ll/)29 

500 

2757 

5514 

8272 

ll/)29 

13,786 

eOO  ^   SS08 

6617 

9926 

13,2S5 

16,644 

700    3860 

7720 

11,580 

15,441 

19,301 

800 

4411 

8823 

13,235 

17,647 

22,058 

900 

4963 

9926 

14,889 

19,852 

24,816 

1000 

5514 

11,029 

16,544 

22,058 

27,573 

sooo 

11,029 

22,058 

33,088 

44,117 

55,147 

3000 

16,544 

3S/)88 

49,632 

66,176 

82,720 

4000 

S2fi5B 

44,1 17 

66,176 

88,235 

110,294 

5000 

27,573 

55,147 

82,720 

110,294 

137,867 

6000 

33/)88 

66,176 

99,264 

132,352 

165,441 

7000 

38,602 

77,205 

115,808 

154,411 

193,014 

8000 

44,117 

88,2S5 

132,352 

176.470 

220,588 

9000 

49,632 

99,264 

148,896 

198,529 

248,161 

lOfiOO 

55,147 

110,294 

165,441 

220,588 

275.735 

90,000 

110,294 

220,5o8 

330^882 

441,176 

551.470 

80,000 

165,441 

330,882 

496,323 

661,764 

827,205 

40,000 

22(1,588 

441,176 

661,764 

882,35« 

1,102,940 

50,000 

275,735 

551,470 

827,205 

1,102.940 

1,378«675 

60,000 

390,882 

661,764 

992,646 

1,323,528 

1,654,410 

70,000 

386,029 

772,058 

1,158,087 

1,544,116 

1,930,145 

80,060 

441,176 

882,352 

1,323,528 

1,764,704 

2,905,880 

80,000 

496,323 

992,646 

1,488,969 

1,985,292 

2,481,6J« 

Hie  left-hand  column  contains  the  number  of  superficial 
feet  contained  in  the  wall  to  be  built :  the  adjacent  columns 
shew  the  number  of  bricks  required  to  build  a  wall  of  the 
different  thicknesses  of  i,  1,  ]|^2^  and  2^  bricks. 

Example.  Suppose  it  be  required  to  fmd  the  number  of  brieks  neeet* 
Bary  to  build  a  wall  1  brick  thick,  contaioing  an  area  of  5700  feet  ? 
First  look  for  SOOO  in  the  left  hand  column,  and  you  will  find  that  it  takes 
55,147  bricks,  add  to  this  quaniitv,  the  number  necessary  for  each  of  the 
other  component  parts,  and  wc  shall  have  the  following 
5000  will  require  55U7 
700     ...     .    7730 
60     ...     .       661 


5760 


63,528 


TABLE  11. 

Shews  the  number  of  rods  contained  in  any  number  of  superficial  feet, 
from  1  to  10,009,  and  from  i  a  brick  to  8)  bricks  ;  and  thence  bv  addi- 
tion»  to  any  number,  and  to  any  thickness,  at  the  rate  of  4500  bncks  to 
the  rod. 


fST 

■up. 

i  brick. 

1  brick'. 

1]  brick. 

2  bricks. 

2|  bricks. 

R.Q.F.In. 

R.Q.F.In. 

R.Q.F.In. 

R.Q.F.In. 

R.Q.F.In. 

1 

0  0 

0  4 

0  0    0  8 

0  0     10- 

0  0     14 

00    18 

S 

00 

0  8 

0  0     14 

0  0    2  0 

0  0    i  8 

00    3  4 

3 

0  0 

1  0 

0  0    2  0 

0  0    S  0 

OO     4  0 

00    5  0 

4 

0  0 

1  4 

0  0    2  8 

0  0-40 

0  0    5  4 

0  0    6  8 

S 

00 

1  8 

0  0    3  4 

0  0    5  0 

0  0    6  8 

0  0    8  4 

6 

00 

2  0 

0  0    4  0 

0  0    6  0 

00    8  0 

0  0  lOO 

7 

00 

2  4 

0  0    4  8 

0  0    7  0 

00    9  4 

0  0  11  S 

8 

0  0 

2  8 

OO    5  4 

0  0    8  0 

0  0  10  8 

0  0  13  4 

9 

0  0 

3  0 

00    60 

0  0    9  0 

0  0  12  0 

0  0  15  O 

10 

00 

3  4 

00    6  8 

0  0  10  0 

9  6  13  4 

0  0  16  8 

11 

.0  0 

3  8 

00    7  4 

0  0  11  0 

0  0  14  8 

0  0  18  4 

IS 

00 

4  0 

00    8  0 

0  0  12  0 

0  0  16  0 

00  200 

13 

00 

4  4 

00    8  8 

9  0  18  0 

0  0  17  4 

0  0  21  8 

14 

00 

4  8 

00    9  4 

0  0  14  0 

0  0  18  8 

0  0  23  4 

15 

00 

5  0 

0  0  10  0 

0  0  15  0 

0  0  20  0 

00  250 

16 

00 

5  4 

0  0  10  8 

0  0  16  0 

0  0  21  4 

00268 

17 

00 

5  8 

e  0  11  4 

0  0  17  0 

•0  0  22  8 

00  28  4 

18 

00 

6  0 

0  0  12  0 

0  0  18  0 

00  240 

00  900 

19 

00 

6  4 

0  0  12  8  .  0  0  19  0 

0  0  25  4 

0  0  81  8 

90 

00 

6  8 

0  0  13  4  '  0  0  20  0 

0  0  26  8 

0  0  83  4 

Ul 

0  0 

7  0 

0  0  14  0 

0  0  21  0 

00  28  0 

00  35  0 

22 

00 

7  4 

0  0  14  8 

0  0  22  0 

0  0  29  4 

0  0  36  8 

23 

00 

7  8 

0  0  15  4 

0  0  23  0 

0  0  SO  8 

0  0  88  4 

24 

0  0 

8  0 

0  0  16  0 

0  0  24  0 

0  0  32  0 

00  400 

25 

00 

8  4 

0  0  16  8 

0  0  25  0 

0  0  S3  4 

0  0  41  8 

26 

00 

8  8 

0  0  17  4 

0  0  26  0 

0  0  34  8 

0  0  43  4 

27 

00 

90 

0  0  18  0 

0  0  27  0 

0  0  36  0 

0  0  45  0 

28 

0  0 

94 

0  0  18  8 

ao^8.o 

0  0  37  4 

0  0  46  8 

29 

0  0 

9  8 

0  0  19  4 

0  0  29  0 

0  0  38  8 

0  0  48  4 

30 

00 

10  0 

0  0  200 

0  0  so  0 

0  0  40  0 

00600 

Si 

00 

10  4 

00  20  8 

0  0  31  0 

0  0  41  4 

0  051  » 
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i  brick. 

1  brick. 

H  brick. 

9  bricks. 

9ibrickik 

R.Q.F.I0 

E.Q.  P.  In. 

R.Q.F.III. 

R.Q.P.ID. 

R.Q.P.In. 

S2 

00  10  8 

0  0  91  4 

0  0  8f  0 

00498 

00  53  ♦ 

83 

0  0  110 

0  0  99  0 

00  89  0 

0  0  44  0 

00  55  0 

94 

0  0  11  4 

0  0  99  8 

0  0  94  0 

0049  4 

0056  8 

95 

00  11  9 

0  0  99  4 

0  0  350 

0  0  46  8 

0  0  58  4 

56 

0  0  19  0 

0  0  94  0 

00  96  0 

0  0  48  0 

0  0  60  0 

97 

0  0  12  4 

0  0  94  8 

0  0  37  0 

0  0  49  4 

0  0  61  8 

88 

0  0  IV  9 

0  0  95  4 

0  0  98  0 

0  050  8 

0  0  69  4 

89 

0  0  19  0 

0  0  96  0 

06  990 

0  0  590 

0  0  65  0 

40 

0  0  19  4 

00  96  9 

0  0  40  0* 

0059  4 

0  066  8 

41 

0  0  19  8 

0  0  97  4 

0  0  41  0' 

0  0  54  8 

0  10  4 

48 

0  0  14  0 

0098  0 

0  0  42O 

0056  0 

0  1     90 

421 

0  0  14  4 

00  98  8 

0  0  43  0 

0  0  57  4 

0  19  8 

44 

0  0  14  8 

0  0  99  4 

0  0  44  0 

00  58  8 

0  154 

45 

0  0  15  0 

0  0  90  0 

0  0  45  0 

0  0  600 

0  17  0 

46 

0  0  15  4 

0  0  90  8 

0  0  46  0 

0  0  61  4 

0  18  8 

47 

0  0  15  8 

0  0  91  4 

0  0  47  0 

00  69  8 

0  1  10  4 

48 

0  0  16  0 

00  990 

0  0  48  0 

0  0  64  0 

0  1   13  0 

49 

0  0  16  4 

0  0  99  8 

0  0  49  0 

0  0  65  4 

0  1    13  8 

50 

0  0  16  8 

0  0  99  4 

0  0  500 

0  0  66  8 

0  1    15  4 

60 

0  0  SO  0 

06  400 

00  60  0 

0  1    19  0 

0  1  32  0 

70 

0  0  99  4 

0  0  46  8 

0  19  0 

0  1  95  4 

0  1  48  8 

80 

0  0  96  8 

0  0  59  4 

0  1   19  0 

0  1  98  8 

0  1  65  4 

90 

0  0  90  0 

0  0  60  0 

0  1  99  0 

0  1  59  0 

0  9  14  0 

i(X) 

0  0  39  4 

0  0  66  8 

0  1  89  0 

0  1  65  4 

0  9  308 

«)0 

0  0  66  9 

0  I  65  4 

0  9  64  0 

0  3  69  8 

r  0  61  4 

900 

0  1  980 

0  9  64  0 

1  0  98  0 

1  1  800 

1  8  94  0 

400 

0  1  65  4 

0  9  63  8 

1   1  60  0 

1  3  57  4 

9  1  54  8 

500 

Of  2  909 

1  0  61  4 

1  9  44  0 

9  1  54  8 

9  0  17  4 

GOO 

0  9  64  0 

1   1  600 

90  56  0 

9  3  59  0 

3  9  48  0 

700 

0  9  994 

1  958  8 

9  9  90  0 

9  1  49  4 

4  1  10  8 

800 

0  9  69  8 

1  8  57  4 

3  8  59  0 

93  46  8 

4  3  41  4 

900 

1  0  98  0 

f  0  56  0 

8  1  16  0 

4  1  44  0 

5  9     4  0 

1000 

1  0  81  4 

9  1  54  8 

3  9  48  0 

4  9  4]  4 

6  034  8 

2000 

9  1^8 

4  9  41  4 

7  1  98  0 

9  8  14  8 

19  1     1  4 

9000 

8  2  48  0 

7  1  98  0 

11  0    8  0 

14  9  56  0 

18  1  36  0 

4000 

4  8  41  4 

9  9  14  8 

14  9^0 

19  9  99  4 

94  3    98 

9000 

6  0  94  ll 

191     1  4 

18  1  ^  0   94  9    9  8 

309574 

6ooo 

7  1  98  0 

]4  9  56  0 

93  0  16  0   99  1  44  0 

96  3    4  0 

7000 

8  9  91  ^    17  0  49  8  1 

95  9  64  0  94  1   17  4 

49  3  38  8 

8000     9  8  14  8 

19  9  99  4 

99  1  44  0  199  0  58  8 

I90    54 

9000    11  0    ^  0 

99  0  16  0 

93  0  94  0  44  0  99  0 

55  0  4b  0 

\ObOO  IIS  1     14 

94  3    9  8 

96  3    4  0  ^0    5  4 

51   1     6  8 

The  left-hand  column  contains  tlie  area  of  the  irall  in  tuperficial  feet ; 

cordinf  te  the  different  thicknettet  en  the  top. 
Example.  What  it  the  quantity  of  redoced  brick-work  in  a  wall  contun* 

inr  4540  iapei«cid  feet,  9hricke  thick  ? 
Diyide  the  nnmber  as  in  tlie  precedinr  teble,  into  iU  component  parti. 

laj  4640s  4000  +  600  +  40,  then  by  the  Uble. 

R.  Q.  F.  In, 

4000centaiDS  19    S    89    4 

600    ...    8    1    54    8 

40    .    • 

.    0    0    6S    4 

88    1      1    4 


Tlie 


hjrvlei 


Mim  IffACHIltlST^ 

4540 

4>  number  of  h»lf  bricks* 


iS9 


S)18180(         R.  Q.  F.  Iiu  u  aboTe. 

272)  605^  +  4(83     1     1    4 
544 


613 

i  of  a  rod  68)  69  (I 
69 


TABLfe    III. 


SnewB  the  valne  of  reduced  br.ck-work  per  rod,  calculated  at  tbe  le- 
Teral  prices  of  £9  6i.  £8  IQi.  £8  ]5#.  £4  Os.  £4  Si.  and  £4  lOf .  per  rod 
for  mortar,  labour,  and  scaffoldini^ ;  and  of  bricks  from  £\  10s.  to  £3 
Os.  per  tbousatad ;  allowing  4500 bricks  to  the  rod. 


Mortar  and 

Hortan 

md 

Mortar  and 

Mortar  and 

Mortar  and 

itfortarand 

BricXipft 

Labour 

Ubonr 

Labour 

Labour 

Labour 

Labour 

thootttid. 

sr.  Ite. 

9i:i0ik 

at.  Ite 

4L0r. 

4fc  5t 

• 

41.  lOt. 

per  rod. 

parxod. 

par  rod. 

period. 

period. 

per  rod. 

£.   n. 

d. 

£.    «. 

A 

£.    f. 

li. 

£.    f. 

a. 

£.     9. 

d. 

£.     8. 

d. 

£.  9,  d. 

i  to 

0 

10    0 

P 

\0    8 

0 

10  10 

0 

10  15 

0 

11     0 

0 

11     5    0 

1   19 

0 

10    9 

0 

10  14 

0 

10  19 

0 

11     4 

0 

U     9 

0 

11  14    0 

I  U 

0 

10  18 

0 

11     8 

d 

11     8 

0 

11   IS 

0 

11  18 

0 

12    8    0 

1  i€ 

0 

It     7 

0 

11   19 

0 

U   17 

0 

12    2 

0 

19    7 

0 

12  12    O 

1  18 

o 

11  16 

0 

12     1 

0 

12    6 

0 

12  11 

0 

12  16 

0 

IS     1     0 

9    0 

0 

12    5 

0 

12  10 

0 

12  15 

0 

13    0 

0 

IS    5 

0 

IS  10    0 

9    S 

0 

12  U 

0 

12  19 

0 

IS    4 

0 

IS    9 

0 

IS  14 

0 

IS  19    0 

2    4 

0 

18    8 

0 

IS    8 

0 

IS  IS 

0 

13  18 

0 

14    8 

0 

14    8    O 

9    6 

0 

IS  19 

0 

18  17 

0 

14     2 

0 

14    7 

0 

14  12 

6 

14  17    0 

3    8 

0 

14     1 

0 

14    6 

0 

14  11 

0 

14  16 

0 

15    1 

0 

15    6    0 

S  10 

0 

14  10 

0 

14  15 

0 

15    0 

0 

15    5 

0 

15  10 

0 

15  is  6 

9  13 

0 

14  19 

0 

15    4 

0 

15    9 

0 

15  14 

0 

15  19 

0 

16   4  a 

2  14 

0 

15    8 

0 

15  18 

0 

15  18 

0 

16    S 

6 

16    8 

0 

16  13    0 

2  16 

0 

15  17 

0 

16    2 

0 

16    7 

0 

16  12 

0 

16  17 

0 

17    2    0 

2  18 

0 

16    (^ 

0 

16  11 

016  16 

0 

17     1 

o:i7    6 

0 

17  11     0 

S    O 

0 

1^1^ 

0 

17    0 

ol 

17    S 

0 

17  10 

0 

17  15 

0 

18    0    0 

Example.  What  Is  the  price  of  a  rod  of  brick- work,  when  the  rate  ofbricks 
it  £S  St.  per  thousand,  and  the  price  of  mortar  £4  5s.  pdr  red  ? 

Look  mmi  ifhe  ^ire A  eolmnn  of  bricks  tfntd  Jon  come  under  £4  5ff •  the 
grireQ  price  of  labour  and  ttoftarr  iuid]roa  will  find  £13  Ms.  ihe  price  of 
the  rod. 
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CARPENTRY. 


This  braoch  of  building  comprises  the  art  of  employing 
timber  in  the  construction  of  edifices. 

The  art  of  employing  timber  in  building  may  be  classed 
under  two  distinct  branches^  Carpentry  and  Joinery. 

Carpentry  comprehends  the  large  and  rough  description 
of  work,  or  that  which  is  requisite  in  the  construction  and 
stability  of  an  edifice ;  and  Joinery y  the  fittings  up  and  de- 
corative work,  so  necessary  to  the  completion  of  a  building. 

Carpentry  is,  in  general,  valued  by  the  cubical  foot ;  and 
joinery  by  the  superficial  foot. 

The  principal  operations  which  timbers  have  to  undergo, 
from  the  time  of  their  arrival  in  the  carpenter's  yard  to 
their  final  destination  in  an  edifice,  may  be  classed  under 
two  general  heads ;  those  which  respect  individual  prices, 
and  those  which  respect  their  dependence  on  others. 

Under  the  former  of  these  heads  is  the  pit-saw,  by  means 
of  which,  whole  pieces  of  timber  are  divided,  and  reduced 
into  their  respective  sized  scantlings. 

The  term  scantling  implies  dimensions  in  breadth  and 
thickness,  without  any  regard  to  length. 

Planingj  is  the  operation  by  which  wood  is  reduced  to  a 
smooth  and  uniform  surface,  by  means  of  an  instrument 
called  a  plane,  which  takes  a  thin  shaving  off  the  surface  of 
the  wood,  as  it  is  moved  backwards  and  forwards  in  a 
straight  line  by  the  hands  of  the  workmen.  There  are, 
however,  other  operations  of  the  plane  besides  that  of  re- 
ducing timber  to  an  uniform  and  smooth  surface,  ternaed 
groovingy  rebating^  and  moulding. 

Grooving  is  forming  a  channel  on  the  surface  of  a  piece 
of  wood,  by  taking  avray  so  ^  much  of  the  solid  as  is  of 
the  shape  and  size  of  the  groove  required. 

Mabatitig  or  rebating,  is  reducing  a  piece  by  taking  away 
from  the  angles  a  prism  of  the  shape  and  size  of  the  rabate 
required,  so  as  to  form  an  internal  angle,  and  generally  a 
right  angle.  This  operation  is  frequently  required  in  con- 
structing door  cases,  and  the  frames  of  casement  windows : 
the  rabate,  or  groove,  being  intended  as  a  ledge  for  the  door 
or  casement  to  rest  in. 

The  pieces  being  cut  into  their  proper  scantlings,  the  nezl 
operation  is  the  joining  them  together. 


AND   MACHmiSTt  §61 

In  thiA  department  we  shall  treat  firsts  of  the  most  approved 
methods  of  lengthening  beams^  by  irbat  is  termed  scarfing, 
or  joining  them,  in  pieces;  secondly^  of  the  strengthening 
of  oeams  by  trussing ;  thirdly,  of  the  methods  of  joining 
two  timbers  at  angles,  in  any  given  direction ;  and  lastly,  of 
the  mode  of  connecting  several  timbers  in  order  to  com- 
plete the  design,  and  to  effect  certain  powers  respectively 
required  by  each  individual  piece. 

To  lengthen  a  piece  of  timber  implies  the  act  of  joining 
or  fastening  two  distinct  pieces,  so  that  a  part  of  the' end  of 
one  shall  lap  upon  the  end  of  another,  and  the  surfaces 
of  both,  being  one  continued  plane,  form  a  close  joint, 
called  by  workmen  a  scarf.    It  is  manifest,  that  two  bodies, 
joined  together  and  intended  to  act  as  one  continued  piece, 
in  a  state  of  tension,  or  compression,  cannot,  by  any  possi- 
ble means,  be  so  strong  as  either  pieces  taken  separately. 
It,  therefore,  requires  much  attention,  and  careful  discri- 
mination, in  the  choice  aud  selection  of  such  methods  as 
are  the  most  applicable  to  the  peculiar  circumstances  Ot 
the  case.    Every  two  pieces  of  timber  joined  in  the  msnner 
thus  described,  and,  indeed,  in  most  other  cases,  require 
some  force  to  compress  them  equally  on  each  side,  and 
more  particularly  when  the  pieces  are  light ;  for  this  pur- 
pose iron  bolts  are  used,  which  act  as  a  tie,  and  possess  the 
same  effect  as  two  equal  and  opposite  forces  would  have  in 
compressing  the  beam  on  each  side  the  joint :  and  as  the  co- 
hesive power  of  iron  is  very  great,  the  hole,  which  is  made 
to  receive  the  bolt,  may  be  of  such  dimensions  as  will  not, 
in  the  least  degree,  tend  to  diminish  the  strength  of  the 
timber.  When  wooden  pins  are  used,  the  bore  is  larger,  and 
the  joints  weaker ;  consequently  the  two  pieces,  thus  con- 
nected, are  not  held  together  by  any  compression  of  the  pin, 
but  merely  by  the  friction  of  the  individual  pieces. 

No  specific  distance  can  belaid  down  for  the  length  of  the 
scarf,  though,  in  general,  it  may  be  observed,  that,  a  long 
scarf  has  but  little  effect  in  diminishing  the  cohesive  strength 
of  a  compound  piece  of  timber ;  on  the  contrary,  it  affords 
an  opportunity  of  increasing  the  number  of  bolts. 

.    F%'.  558  shows  the  method  of  joining  two  pieces  of  timber  by  means 
of  a  sing^le  step  on  each  piece. 

By  this  method  more  than  one-half  the  power  is  lost ;  and 
this  scarf  is  not  calculated  to  resist  the  force  of  tension 
equal' to  a  single  piece  sawed  half  through  its  thickness  from 
th6  opposite  side,  at  a  distance  equal  to  the  length  of  the 
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scarf;  by  the  application  of  straps,  howefer^  it  may  be  made 
to  resist  a  nmcii  greater  force. 

Fig.  559  represents  a  tcsrf  with  fMnllel  jointt,  and  a  Aingle  table  upmk 
6Mh  piece. 

In  this  the  cohesive  strength  is  decreased  in  a  greater 
degree  than  the  preceding  example,  by  the  projection  of  the 
table ;  bat  this  affords  an  opportunity  of  driving  a  wedge 
through  the  joint  between  the  ends  of  the  tables,  and  there- 
by forcing  the  abutting  parts  to  a  joint. 

A  scarf  of  this  description  to  be  longer  than  those  which 
have  no  tables,  and  the  transverse  parts  of  the  scar^  must 
be  strapped  and  bolted. 


Pi|^.  5SQ  presents  m  wifk  the  same  ^pportmitj  of  weH^m  m  hefive. 

In  this  finfiire,  if  the  parts  LM  and  NO  be  compcessed  together  bj  bolts 
as  firmlr  as  if  ibey  were  but  one  piece,  and  if  the  projection  of  the  tables 
be  equal  to  the  transverse  parts  or  the  joints  L  andO,  the  loss  of  strength, 
compared  with  that  of  a  eolid  piece,  will  be  no  more  tlmn  what  it  woald 
be  at  L  and  O. 

Strapping  across  the  transverse  part  of  the  joint  is  much 
tbe  best  and  most  effectual  way  of  preventing  the  pieces 
from  being  drawn  from  each  other,  by  the  sliding  of  the 
kmgitndtnu  parts  of  the  scarf,  and,  therefore,  giving  to  tbe 
bolts  an  oblique  position. 

Fig.  561  is  a  scarf  formed  bj  several  steps. 

In  this,  if  all  the  transverse  parts  of  the  steps  be  equal, 
and  the  longitudinal  parts  strongly  compressed  by  bolts,  the 
loss  of  strength  will  only  be  a  fourth,  compared  to  that  of  a 
solid  piece,  there  being  four  transverse  parts,  that  is^  the 
part  which  the  end  of  the  steps  is  of  tbe  whole. 

Ft^.  SflB  u  m  scarf  witii  a. bevel  joint,  and  eepialiy  as  eli|fible  ibr  or- 
dinary purposes  'as  any  in  use. 

Pigs.  561  and  Mk  Scarfs  intended  for  long^er  bearings  than  the  pre- 
ceding  one. 

Fig.  564  repreients  the  method  of  cottstmcttsg  a  compound  timber, 
when  two  pieces  are  not  of  adequate  l«igth  to  allow  them  to  lap,  'by 
means  of  a  thhrd  piece  joined  to  both  by  a  double  scarf,  formed  by  several 
gradations  or  steps,  the  pieces  abutting  upon  each  other  with  the  middle  of 
the  connecting  piece  over  their  abotment. 

That  which  shall  next  claim  our  attention  is  a  consider- 
ation of  the  principles  and  tbe  best  methods  of  streng^en- 
ing  beams  by  trussing. 

When  girders  are  extended  beyond  a  certain  length,  they 
bend  under  their  own  weight,  and  the  degree  of  curvature 
increases  in  a  proportion  fieur  greater  tlian  that  of  their 
le|)gths.    The  best  method  to  Aviate  diis  ^^ggu^y  as  it  as 
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termed,  wkliout  the  support  of  posts,  &c.  is  to  make  th» 
beam  in  two  equal  lengths,  and  insert  a  truss,  so  that  when 
die  two  pieces  are  eoEmned  together  by  bolts,  the  truss  msy 
be  induaed  between  them,  and  cause  them  to  act  as  a  tie. 
To  prevent  any  un&vourable  results  from  natural  tendeQcy 
of  the  timbers  to  shrink,  the  posts  of  the  tmss  may  be  made 
of  iron,  and  screwed,  and  nutted  at  the  ends ;  and  to  give 
a  still  stronger  abotment,  the  braces  may  be  let  in  with 
grooves  into  the  side  of  each  flitch,  or  piece,  which  foroa 
the  beam.  The  ends  of  the  abutments  are  idso  made  oS 
hnoQ,  screwed,  or  nutted,  at  each  of  the  ends,  and  bolted 
through  the  thidsness  of  both  pieces,  with  a  broad  part  m 
the  middle,  that  the  braces  may  abut  upon  the  whole  di- 
mension of  their  seetiou ;  or,  otherwise,  the  abutments  are 
■lade  in  the  form  of  an  inverted  wedge  at  the  bottom,  and 
rise  ^lindrically  to  the  top,  where  they  are  screwed  and 
nutted. 

These  methods  may  be  constructed  either  with  one  king- 
bolt in  the  middle,  or  with  a  truss-*bolt  at  one-third  of  the 
length  from  each  end.  When  two  bolts  are  applied,  tiiey 
include  a  straining  place  in  tlie  middle.  The  two  braces 
may  be  constructed  of  oak,  or  cast  or  wrought  iron ;  but 
the  latter  material  is  seldom  used :  for,  as  all  metals  are 
liable  to  contract,  wood  is  considered  the  best  material. 
With  respect  to  the  bolts,  iron  is  indispensable. 

The  higher  the  girder  is,  the  less  are  the  parts  liable  to 
be  effected  by  the  stress ;  and,  consequently,  the  risk  of 
their  ^ving  way  undor  heavy  weights,  or  through  long  bear- 
ii^j  IS  less. 

Figs.  £6|>  sad  666  are  two  euisplM  ef  ifLrden  calculated  frcon  their 
rise  to  Budtain  Tsry  ksavy  weights.  If  the  tie  beam  be  very  strong^,  thf 
abutmente  maj  be  wedf  ed ;  but  the  wedres  oug^t  to  be  very  iongf,  and 
a  little  taper,  that  there  may  be  bo  iacliQatioa  to  rise.  The  excess  of 
Itogth  may  aftenrardi  be  taken  off. 

In  joining  two  timbers  together,  in  any  given  direction, 
the  joinings,  as  practised  by  carpenters,  are  almost  infinitely 
various ;  and  though  some  are  executed  with  a  view  merely 
to  gratify  the  eye,  the  minority  have  decided  advantages, 
and  each,  in  peculiar  cases,  is  to  be  preferred.  In  this 
treatise,  our  limits  will  not  permit  us  to  enter  upon  a  de- 
scription of  such  as  yield  no  substantial  benefit,  or  are  em- 
ployed only  in  connecting  small  work ;  but,  even  in  these, 
the  skill  of  the  workman  may  at  all  times  be  discovered  by  his 
selection  o{  materials*  It  may  here  be  observed,  that,  as 
all  timber  is*either  mere  or  less,  according  to  the  diyness^ 
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and  the  quality  of  the  timber  used,  subject  to  shrink,  the 
carpenter  should  very  carefully  consider  now  much  the  di- 
mensions of  his  framings  will  be  affected  by  it^  and  so 
arrange  the  inferior  pieces  that  their  shrinkBge  shall  be 
in  the  same  direction  as  the  shrinkage  of  the  framing,  and 
so  conduce  to  the  greater  stability  of  the  whole.  If  this  be 
not  attended  to,  the  parts  will  separate  and  split  asnnder. 

Two  pieces  of  timber  may  be  connected  either  by  makii^ 
both  planes  of  contact  parallel  with  or  at  right  angles  to 
the  fibres,  or  by  making  the  joint  parallel  with  the  fibres  of 
the  one  piece,  and  at  right  or  oblique  angles  to  the  otber^  or 
at  oblique  angles  to  the  fibres  of  bodi  pieces. 

If  two  pieces  of  timber  are  connected,  so  that  the  joint 
runs  parallel  with  the  fibres  of  both,  it  is  called  a  longihidi' 
ndl  joint ;  but  when  the  place  of  the  joint  is  at  right  an^es 
to  the  fibres  of  both,  an  mutting  joint*  Butting  and  mitre 
joints  are  seldom  used  in  carpentry. 

When  two  pieces  of  timber  are  joined  together  at  one  or 
more  angles,  the  one  |)iece  will  meet  the  other  and  form 
one  angle,  or  by  crossing  it  make  two  angles,  or  the  two 
pieces  will  cross  each  other  and  form  four  angles. 

In  all  the  following  cases  of  connecting  two  timbers, 
it  is  supposed,  that  the  sides  of  the  pieces  arc  parallel  with 
the  fibres,  or,  when  the  fibres  are  crooked,  as  neiiriy  so  as 
possible ;  and  that  each  piece,  the  four  sides  being  aft  right 
angles  to  each  other,  has  at  least  one  of  its  surbces  in  the 
same  platie  with  those  of  the  other.  The  angle  or  angles 
so  formed  will  be  either  right  or  obtuse. 

Fi^.  5t)7,  ifl  an  example  of  a  notched  joint,  which  ig  the  most  eommon 
and  simple  form,  and,  in  some  cases,  the  stnmi^est  for  joining  fwotiiiiben 
at  one  or  more  angles,  particularly  when  bolted  at  tiie  joint.  Tho  font 
of  the  joint  may  be  varied,  .according*  to  the  position  of  the  ndes  of  thr 
pieces,  the  number  of  ang-les,  the  quantity  and  direction  of  the  stress  oo 
the  one  or  both  pieces,  or  by  any  combination  of  their  circnnntanreff. 
Notching  admits  two  nieces  to  be  joined  at  from  one  to  four  anglet;  bat 
joiiung  by  mortise  ana  tenon  admits  only  from  one  to  two  angles. 

In  joining  by  mortise  and  tenon,  four  sides  of  the  mortice 
should,  if  possible,  be  at  right  angles  to  each  other,  and  to 
the  surface  whence  it  is  recessed,  and  two  of  these  sidei 
paralld  with  each  of  the  sides  which  forms  a  right  angle  with 
the  f:ide  from  which  the  mortise  is  made :  the  fifth  plane,  thss 
is,  the  bottom  of  the  mortise,  is  parallel  with  the  top  or  snr* 
face  from  which  the  mortise  is  made.  Four  sides  of  the  tenoc 
should  be  parallel  to  the  four  sides  of  the  piece  ;  but  there 
are  many  cases  where  a  digression  is  «aavoidaUe* 
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In  the  application  of  timbers  to  buildings^  we  will  hei^ 
suppose,  that  all  pieces  cut  for  use  have  a  rectangular  sec* 
tion,  and  when  laid  down,  have  their  sides  perpendicular 
to,  and  parallel  with,  the  horizon.  If  two  pieces  of  timber, 
therefore,  are  to  be  joined  at  four  angles,  cat  a  notch  in  one 
piece  equal  to  the  breadth  of  the  other,  so  as  to  leave  the 
remaining  part  of  the  thickness  sufficiently  strong,  and  in- 
sert the  other  piece  in  the  notch ;  or,  if  the  work  is  required 
to  be  very  firm,  notch  each  piece  reciprocdly  to  each  other's 
breadth,  and  fieu^ten  them  together  by  pins,  spikes,  or  bolts, 
as  the  case  may  require.  This  form  is  applicable  when  the 
pieces  are  equally  exposed  to  a  strain. 

Fig".  568  will  fully  elucidate  this  description  of  joint. 

The  framing  of  timber  by  dove-tail  notching  is  principal- 
ly applicable  to  horizontal  framing,  where  the  lower  timber 
is  sumciently  supported.  Where  the  lower  timber  is  unsup- 
ported it  is  common  to  use  mortise  and  tenon,  which  does 
not  materially  weaken  the  timber;  but  when  the  timber  is! 
notched  from  the  upper  side,  the  operation  reduces  its  thick- 
ness, and  consequently  impairs  its  strength,  though,  if  the 
solid  of  one  piece  fill  the  excavation  of  the  other,  and  both 
be  lightly  driven  or  forced  together,  according  to  Du  Hamel, 
it  will,  if  not  cut  more  than  one  third  through,  rather  increase 
than  decrease  in  strength.  It  may,  however,  be  observedt 
that  in  large  works,  where  heavy  timbers  are  employed,  it 
is  difficult,  and  almost  impossible,  to  fit  the  mortise  and 
tenon  with  due  accuracy ;  and  even  if  the  joints  were  closely 
fitted  at  first,  the  shrinking  would  occasioa  cavities  on  the 
sides,  that  would  render  the  tenons  of  no  avail,  because  the 
axis  of  fracture  would  be  nearer  to  the  breaking  or  under- 
side of  the  .supporting  piece*  What  has  been  here  said 
with  respect  to  timbers  placed  horizontally,  applies  to  franir 
ing  in  every  position,  when  the  force  is  to  fall  on  the  plane 
of  the  sides ;  and  if  a  number  of  pieces  thus  liable  to  lateral 
pressure  on  either  side,  are  to  be  framed  into  two  other  stiff 
pieces,  the  mortise  and  tenon  will  prove  best  for  the  purpose. 

If  it  be  required  to  connect  two  pieces  of  timber  so  as  to 
form  two  right  angles,  and  to  be  immovable,  when  the 
transverse  is  held  or  fixed  fast,  and  the  standing  piece  pulled 
in  a  direction  of  its  length,  cut  a  dove-tail  notch  across  the 
breadth  of  the  transverse  piece,  and  notch  out  the  vertical 
sides  of  the  standing  piece  at  the  end,  so  as  to  form  a  si^ 
milar  and  equal  solid.  In  some  kinds  of  work,  besides  the 
i^ove-tail^  an  additional  notch  is  cut  to  receive  the  shouMer 


506  'THB  OPBEATIVE  MBCmANIC 

ef  the  lower  piece.  If  the  pe«itidn  of  these  pieees  be  horir 
zontal,  and  the  upper  U  or  rafficieat  weight,  or  is  pren«> 
ed  down  by  any  oonsidembk  force,  when  the  pieces  are 
placed  together,  the  dove-tail  will  be  sufficiently  strong 
without  the  assistance  of  pins,  spikes,  or  bolts.  This  con- 
struction requires  the  timbers  to  be  well  seasoned;  for 
otherwise  the  shrinking  will  permit  the  standbg  piece  to  be 
drawn  out  ot  the  transverse,  and  thus  defeat  the  purpose  of 
the  construction. 

In  introduoiug  binding  joists,  whidi  will,  as  they  have  to 
fttpport  the  bridging  jobts  and  boarding  of  the  floor,  be 
framed  into  girders,  there  will  be  a  considerable  strain  at 
the  extremities,  so  that  it  is  necessary,  in  order  to  make 
the  tenons  sufficiently  strong,  to  have  a  shorter  bearing  te- 
n(m  attached  to  the  principd  tenon,  with  a  sloping  shoulder 
above,  called  a  iu$k,  which  term  is  likewise  applied  to  this 
tenon,  called  the  tusk  tenon. 

When  two  parallel  pieces,  which  are  quite  immovable^ 
are  to  have  another  piece  framed  between  them,  the  prin- 
ciple is,  to  insert  the  one  end  of  the  tenon  of  the  piece  to  be 
fransed  in  a  shallow  mortise,  and  make  a  long  mortise  in  the 
opposite  side  of  the  other  timber ;  so  that  when  the  cross 
{Meoe  is  moved  round  the  shoulder  of  the  other  extremity  as 
a  centre,  it  may  slide  home  to  its  sitoation.  This  mode  of 
framing  a  transverse  piece  between  two  others,  is  employed 
In  trimming  in  oeiHng  joists,  which  joists  are  seldom  or 
never  cut  and  fitted  into  the  binding  joists  before  the  build- 
ing is  covered  over.  The  binding  joists  are  always  mortiaed 
before  they  are  disposed  in  the  situation  to  receive  the  ceil- 
ing joists. 

When  a  transverse  piece  of  timber  is  to  be  framed  be- 
tween two  parallel  joists,  whose  vertical  surfiKses  are  not  pa* 
rallel,  turn  the  upper  edge  of  the  transverse  piece  downwards 
upon  the  upper  horizontal  surface  of  the  joists,  mark  the  in- 
terval, or  distance  between  them,  upon  the  surfiice  of  the 
transverse  piece  now  under ;  then  placing  the  edge  over  the 
place  where  it  is  intended  to  let  down,  turn  the  transverse 
piece  in  the  way  it  is  intended  to  be  framed,  apply  a  straight 
edge  to  the  oblique  surface  of  the  joist,  and  slide  the  trans- 
verse piece  so  as  to  bring  the  mark  on  the  upper  side  of  it  on 
a  line  with  the  straight  edge,  which  being  done,  proceed 
|n  the  same  manner  with  the  other  end,  and  the  two  lines 
drawn  on  the  vertical  sides  of  the  intermediate  piece  will 
give  the  shoulders  of  the  tenons.  This  act  of  framing  a 
transverse  joist  between  two  others  is  termed  tmAUng  in 
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joisU;  and  is  particularly  useful  when  the  timber  is  warpedf 
or  twisted. 

In  order  that  the  reader  may  Ihe  more  folly  imdentand  the 
preceding  description  of  the  joinings  of  timbers^  we  hant 
annexed  a  plate  (to  which  the  subjoined  description  refers^) 
of  the  best  methods  now  m  j^ractice. 

Fisf.  457.  No.  1  and  8,  and  3  and  4,  exhibit  two  metiiodB  of  a  simple 
JQtnt»  where  the  two  pieces  are  halved  upon  each  other ;  in  both  of  which 
the  end  of  one  piece  (toes  not  pass  the  outer  surface  of  the  other.     No.  8 , 
and  4  represent  the  two  pieces  before  put  together. 

Fig*.  668,  is  a  method  of  joining  timber,  when  the  end  of  one  pieos 
passea  the  end  of  the  obher  at  a  small  Stance.  No.  1  repreSMits  tba 
pieces  befwe  joined. 

Fig.  569  shews  how  two  pieces  may  be  joined  by  what  is  termed  a , 
nicbe.«-In  this  case,  the  two  pieces  should  be  fixed  to  another  by  a  bolt  at ' 
right  angles  to  the  niche  joint. 

Fig.  SJO.  How  one  piece  of  timbev  may  be  joined  to  another,  when  om- 
of  the  piecea  is  extended  on  both  tideB  of  the  other  pieee.  Noa.  1  and  % . 
show  the  pieoes  befoie  puttog^ether. 

Fig.  571  shows  the  manner  of  joining  the  binding  joists  and  girders. . 
IXo,  1.  The  binding  joist  preparea  for  being  joined  to  the  girder. 

Pij^.  572  is  the  general  and  most  approved  method  of  fraimng  the  rafter  < 
fooft  into  the  gisdar. 

Fig.  57S  is  a  sfction  of  the  beam*  shewing  the  diffetemt  shoulders  of 
the  rafter  foot. 

Fig.  574  is  another  example,  preferable  to  the  former,  because  the 
abotment  of  the  inner  part  is  better  aiq>porled.  In  this  the  beam,  when 
no  broader  than  the  rafter  is  thick,  may  oe  weakened*  in  which  case,  it^ 
woald  require  a  much  deeper  socket  than  is  here  given ;  and  perhapa  an 
advantage  would  bo  gained  by  introducing  a  joint  like  iig.  575. 

Fig.  576  is  the  method  of  introducing  iron  straps  to  confine  the  foot  of 
the  rafter  to  the  tie*beam. 

When  it  is  found  necessary  to  empk>yiron  straps  for 
strengthening  a  joints  considerable  attention  is  required  to 
place  them  properly.  The  firat  thing  to  be  ascertained  i» 
the  direction  oi  the  strain.  We  must  then  endeavour,  as' 
near  as  we  can,  to  resolve  this  strain  into  a  strain  parallel 
to  each  piece,  and  another  perpendicular  to  it.  Then  the 
strap  which  is  to  be  made  fast  to  any  of  the  pieces,  must  be 
so  fixed  that  it  shall  resist  in  the  direction  parallel  to  the 
piece. 

The  strap  which  is  generally  misplaced,  is  that  which 
connects  the  foot  of  die  rafter  with  the  tie-beam.  It  binds 
down  the  rafter;  but  does  not  act  against  its  horizon- 
tal, thrust.  It  should  be  placed  farther  back  on  the  beam^ 
and  have  a  bolt  through  it,  to  allow  it  to  turn  round ;  and 
should  embrace  the  rafter  almost  horizontally  near  the  foot> 
and  be  notched  square  with  the  back  of  the  rafter.  The 
example  given  in  No.  10  combines  these  requisites.    By 
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moTing  round  the  eye-boU;,  it  follows  the'niftjer^  and  Mh  •* 
not  pinch  and  cripple  it,  which  it  always  does  in  its  ordi- 
imrf  form.  Straps  which  have  eye*bolts  on  the  very  angles, 
and  allow,  motion  round  them,  are  considered  the  most 
perfect. 

Fig.  577  exbibite  two  methods  of  conQeciing  tbe  struts  of  a  roof,  or  par^ 
tition,  &c.  with  the  king- post. 

If  the  action  of  a  piece  of  timber  on  another  does  not  ex- 
tend, but  compress,  the  same,  there  is  no  difficulty  whatever 
in  the  joint,  indeed  joining  is  unnecessary :  it  is  enough 
that  the  pieces  abut  on  each  other ;  and  we  have  only  to 
take  care  that  the  mutual  pressure  be  equally  borne  by  all 
the  parts,  and  that  no  lateral  pressure,  which  may  cause 
one  of  the  pieces  to  slide  on  the  butting  joint,  be  produced. 
At  the  joggle  of  a  king-post,  a  very  slight  mortise  and 
tenon,  with  a  rafter,  or  straining  beam,  is  sufficient.    It  is- 

ipnerally  best  to  make  the  butting  plain,  bisecting  the  angle 
brmed  by  the  sides,  or  else  perpendicular  to  one  of  the 
pieces.  For  instance,  the  joint  a  is  preferable  to  b,  and, 
mdeed,  to  any  uneven  joints,  which  n^ver  CeuI  to  produce 
very  unequal  pressures,  by  which  some  of  the  parts  are 
crippled,  and  others  splintered  off. 

'FijT*  578  is  the  method  of  securing  the  tie-beam  and  principals,  when 
the  lung-post  is  made  of  an  iron  rod.  > 

Fig.  579  shows  amethod  of  joining  the  principals  with  the  king-post  by 
means  of  an  irondovertail,  which  is  received  in  a  mortise  at  the  head  <^ 
each  principal. 

Trusting  that  the  reader  will  be  able,  from  the  above  de- 
scjription,  to  comprehend  the  best  methods  of  joining  tim- 
bers, wc  sljiali  next  proceed  to  d^cribe  the  modes  of  con- 
necting several  timbers,  in  oilier  to  complete  the  design, 
and  to  effect  certain  powers  respectively  required  by  each 
individual  piece. 

In  framing  centi:es  fpr  groins,  the  bofirdipg  which  forms 
the  interior  surface  i^  supported  by  transverse  ribs  of  tim- 
ber, which  are  either  constructed  simply,  or  with  trusses, 
according  to  the  magnitude  of  the  work ;  and,  as  a  groia 
consists  generally  of  two  vaults  intersecting  each  other,  one 
of  them  is  always  boai'ded  over  (he  same  as  a  plain  vaults 
without  any  respect  to  th^  other,  which  is  afterwards  ribbed 
fmd  boarded  so  as  to  make  out  the  regular  surface. 

Timbers  inserted  in  walls,  and  at  returns,  or  angles,  are 
joined  together  where  the  magnitude  of  the  building  or  ex- 
PQsare  to  strain  may  require.  There  are  three  denomi-i 
jjaitions,  viz.  bond  timber,  linteb,  wAwqll^lates. 
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,  FlooriiM^ j8 supported  byoneor  more  root's  ofpanAlel 
beams,  called  nakfid^  or  cctrcase  Jhorvig,  and  is  denominated 
either  single  or  doable.  Dunng  the  construction  of  the 
building,  the  flooring,  if  not  supported .  by  walls  or  parij- 
tions,  must  be  shored.  The  framing  of  flooring,  whether 
single  or  double,  depends  upon  the  magnitude  of  the  build- 
ing, the  horizontal  dimensions  of  the  apartments,  or  the 
stress  with  which  the  surface  of  the  boarding  is  likely  to  be 
affected.  When  the  flooring  is  intended  to  be  very  stiff  and 
firm,  it  is  necessary  to  introduce  truss  girders.  Naked 
flooring,  for  ball-rooma,  should  be  framed  very  strong,  and 
the  upper  part  contrived  with  a  spring,  to  bend  with  the  im- 
pression of  the  force,  while  the  lower  part,  ^^ich  sustains 
the  ceiling,  remains  immovable. 

Partitions  are  constructed  of  a  number  of  pieces  of  tim- 
ber, called  scantlingy  placed  vertically,  at  a  specified  dis- 
tance from  each  other,  dependent  on  the  purposes  for  which 
it  is  intended  to  answer.  If  to  support  girders,  they  should 
be  trussed,  and  afterwards  filled  in  with  parallel  pieces, 
called  studs. 

llie  framing  ought  to  be  so  contrived,  as  to  super3ede  the 
necessity  of  hanging  up  the  floor,  in  whatever  situation  the 
doors  may  be  placed.  Truss  partitions  are  also  of  the 
greatest  utility  in  supporting  flooirs  which  are  above  them. 

The  rafters  which  support  the  covering  in.  a  roof  are  sus-* 
tained  by  one,  two,  or  several  pieces  of  framing,  called  % 
pmr  of  principals^  placed  at  right  angles  to  the  ridge  of  the 
roof.  In  roofing,  many  ingenious  contrivances  are  resorted 
to,  their  application  depending  upon  the  pitch  of  the  roof, 
the  number  of  compartments  into  which  it  may  be  divided, 
and  the  introduction  of  tie-beams.  In  cases  where  apart- 
ments are  required  to  be  within  the  framing  of  the  roof, 
and  it  is  inconvenient  to  introduce  tie-beams,  the  sides  of 
the  Foof  may  be  prevented  from  descending,  by  arching  them 
with  cast-iron,  or  trussing  them  with  wood  iu  the  inclined 
planes  of  their  sides.  To  restrain  the  pressure  of  the  raf- 
ters, which  would  be  discharged  at  the  extrenuties  oi  the 
building,  a  strong  wall-plate,  well  connected  in  all  its  parts, 
must  be  introduced,  to  act  as  a  tie,  and  prevent  the  lateral 
pressure  from  forcing  out  the  walls. 

In  this  construction,  as  well  as  in  the  fonner,  the  rafters 
would  have  a  tendency  to  become  hollow,  so  that  it  is 
pecesaary,  in  order  to  counteract  this  tendency,  to  introduce 
atjraining  beams  at  convenient  heights ;  and  if  it  be  requisite 
to  occupy  yery  little  space  by  the  wood-work,  castrjroa 
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ardhes,  abnttinf^  upon  eadi  other,  and  screwed  with  their 
planes  upon  the  upper  sides  of  the  rafters,  are  best  adapted 
for  the  purpose.  Ir  this  and  the  former  principle  were  adopt* 
ed,  the  combined  effect  would  be  very  great. 

We  shall  now  present  the  reader  with  a  few  practical  ob- 
servations. 

Umber,  except  it  stand  perpendicular  to  the  horizon,  i» 
much  weakened  by  its  own  weight.  The  bending  of  timber 
is  nearly  in  proportion  to  the  weight  laid  on  it.  No  bean» 
6ught  to  be  trusted  for  any  long  time,  with  above  one-third 
or  one-fourth  part  of  the  weight  it  will  absolutdy  carry ; 
for  experiments  prove,  that  a  far  less  weight  will  break  a 
piece  of  timber  when  hung  to  it  a  considerable  time,  than 
IS  sufficient  to  break  it  when  first  applied. 

The  strain  occasioned  by  pulling  timber  in  the  direction 
of  its  length,  is  called  tension.  It  frequently  occurs  in  rooCsy 
and  is  thei'efore  worthy  of  consideration. 

The  absolute  strength  of  a  fibre,  or  small  thread  of  tim- 
ber, is  the  force  by  which  every  part  of  it  is  held  together, 
and  is  equal  to  the  force  that  would  be  required  to  pull  it 
asunder.  The  force  required  to  tear  any  number  of  threads 
asunder,  is  proportional  to  that  of  their  sum ;  but  the  areas 
of  the  sections  of  two  pieces  of  timber,  composed  of  fibres 
of  the  same  kind,  are  as  the  number  of  fiores  in  each  ; 
tiierefore,  the  strength  of  the  timber  is  as  the  areas  of  the 
sections.  Hence  all  prismatic  bodies  we  equally  strong ; 
that  is,  they  will  not  break  in  one  part  rather  timn  in  another. 

Bodies  which  have  unequal  sections,  will  break  at  their 
smallest  part ;  therefore  if  the  absolute  strength  required  to 
tear  a  square  inch  of  each  kind  of  timber  be  known,  we 
shall  be  able  to  determine  the  strength  of  any  other  quan<- 
titywhaitever. 

The  wood  next  to  the  bark,  commonly  called  white  or 
bka,  is  also  weaker  than  the  rest :  and  the  wood  gradually 
increases  in  strength  as  we  recede  from  the  centre  lo  the 
blea. 

The  heart  of  a  tree  is  never  in  its  centre,  but  always  near- 
er to  the  north  side,  and  on  that  side  the  annual  coats  of 
wood  are  thinner*  In  cottfornsity  to  this,  it  is  a  general 
opinion  among  carpenters,  that  that  timber  is  strongest 
whose  annual  pkites  are  thickest.  The  IVachees,  or  «m>- 
veseeUj  are  weaker  than  the  simple  ligneous  fibres.  These 
air-vessels  make  the  separations  betweeir  the  annual  plates, 
and  are  the  sane  in  diameter,  and  number  of  rows,  ia 
aH  tveet  of  the  aaine  specif ;  eovse^oeatly,  wbm  Aest 
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are  thicker,  they  contain  a  greater  proportion  of  die  limple 
ligneous  fibre. 

The  wood  is  stroiqier  in  the  middle  cf  the  tnink  than  at 
the  springing  of  the  branches,  or  at  the  root ;  and  the  wood 
of  the  brandies  is  weaker  than  that  of  the  trunk. 

The  part  of  the  tree  towards  the  north,  in  the  European 
climates,  is  the  weakest,  and  that  of  the  south  side  the 
strongest :  and  the  difference  is  most  remarkable  in  hedge- 
row trees,  and  such  as  grow  singly. 

AH  descrq>tion  of  wood  is  more  tenacious  while  green  ; 
and  loses  very  considerably  by  drying,  after  the  tree  is 
felled. 

We  shall  now  conclude  these  remarks  with  the  follow- 
ing useful  problem. 

Fi^.  680.  To  cut  the  Btrong^st  bean  possible  out  of  a  round  tree  whose 
section  it  a  i^ven  circle.  Let  ab  c  dhe  ihe  section  of  the  tree ;  draw 
the  diameter  e  b,  divide  it  into  three  equal  parts,  e  and/,  and  from  one  of 
them,  as/,  drai^/ a  perpendicular  to  the  diameter  ch  ;  draw  ab  and 
a  <r,---6  a  and  d  e,  and  a  6  e  cf  is  the  stronfest  piece  that  can  be  cut  out 
of  the  tree.  From  this  it  is  manifest,  that  the  strongest  beam  which  can  be 
cutout  of  a  round  tree,  does  notoontain  the  most  timber,  for  the  rreatcsl 
reetanf  le  tiiat  can  be  inscribed  in  a  circle  is  a  square,  and  therefore  the 
square  ghi  kw  g^reater  than  the  rectang^le  abed,  and  yet  is  not  the 
etrongfest. 

Fig^.  581.  Plan  of  a  floor. — 1.  Girder  resting  upon  the  wall8.^8.  Bridg- 
ing-joists.—3.  Binding-joists.«-4.  Trimmers. 

Nos.  1  and  S»  sections  of  the  ioor. 

Fig.  58S.  A  trussed  partition  with  an  opening  in  the  middle  for  folding 
doors.— 1.  Head.— 8.  Sill.— 3.  Posts.— 4,  Braces.— 5.  Studs.— 6.  Door- 
head. — ^This  partition,  as  may  be  seen,  supports  itself. 

Fig.  588.  A  simple  trossea  roof. 

DEFINITIONS. 

fFaU-plates ;  pieces  of  timber  laid  on  the  wall^  in 
order  to  distribute  equally  the  pressure  of  the  roof,  and  to 
bind  the  walls  together*  They  are  sometimes  called  raimg 
plates. 

Tie-beam;  a  horizontal  piece  of  timber,  connected  to 
two  opposite  principal  rafters ;  it  answers  a  two<-fold  pur- 
pose, viz.  that  of  preventing  the  walls  from  being  pushpd 
outwards  by  the  weight  of  the  corering,  and  of  supporting 
the  ceiling  of  the  rooms  below.  When  placed  above  the 
bottom  of  the  rafters,  it  is  called  a  coUiU^heam. 

Principal  rafters  ;  two  pieces  of  Umber  in  the  sides  of 
the  truss,  supporting  a  grated  frame  of  timber  over  them,  on 
ivbich  the  covering  or  slating  resta. 

Pwrlims  ;  horizontal  pieces  of  timber  notched  on  th« 
principal  rafters. 
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Common  rafters;  pieces  of  timber  of  a  small  section, 
placed  equidistaotly  upon  the  purlines,  and  parallel  to.  the 
principal  rafters :  they  support  the  boarding  to  which  the 
slatmi^  is  fixed. 

Pole-plates;  pieces  of  timber  resting  on  the  ends  of 
the  tie- beams,  and  supporting  fhe  lower  ends  of  the  com- 
mon rafters. 

King-post ;  an  upright  piece  of  timber  in  the  middle  of 
a  truss,  framed  at  the  upper  end  into  the  principal  rafters* 
and  at  the  lower  end  into  the  tie*beam :  this  prevents  the 
tie-bmm  from  sinking  in  the  middle. 

Struts ;  oblique  straining  pieces,  framed  below  into  the 
king-posts,  or  queen-posts,  and  abore  into  the  principal  raf- 
ters, which  are  supported  by  them  ;  or  sometimes  they  have 
their  ends  framed  into  beams,  that  are  too  long  to  support 
themselves  without  bending,  they  are  often  called  braces. 

Other  pieces  of  timber  are  introduced  in  roofs  of  a  greater 
span ;  wnich  we  shall  here  describe. 

Queen-posts  ;  two  upright  pieces  of  timber,  framed  be- 
low into  the  tie-beam,  and  above  into  the  principal  rafters  ; 
placed  equidistantly  from  the  middle  of  the  truss,  or  its 
extremities. 

Puncheons  ;  short  transverse  pieces  of  timber,  fixed  be* 
tween  two  others  for  supporting  them  equally;  so  that 
when  any  force  operates  on  the  one,  the  other  resists  it 
equally ;  and  if  one  break  the  other  will  also  break.  These 
are  sometimes  called  studs. 

Straining-beam ;  a  piece  of  timber  placed  between  two 
others,  'called  gueen-posts^  at  their  upper  ends,  in  order  to 
withstand  the  thrust  of  the  principal  rafters. 

Strammg-cUl ;  a  piece  of  timber  placed  upon  the  tie- 
beam  at  the  bottom  of  two  queen-posts,  in  order  to  with«- 
stand  the  force  of  the  braces,  which  are  acted  upon  by  the 
weight  of  the  covering. 

Camber-beam  ;  horizontal  pieces  of  timber,  made  on  the 
upper  edge  sloping  from  the  middle  tovrards  each  end  in 
an  obtuse  angle,  for  dischaiiging  the  water^  Th^  are  placed 
above  the  straining-beam  in  a  truncated  roof,  for  fixing  the 
boarding  on  which  the  lead  is  laid :  their  ends  run  three  or 
four  inches  above  the  sloping  plane  of  the  common  rafters, 
in  order  to  form  a  roll  for  fixing  the  lead. 

Auxiliary  rafters  ;  pieces  of  timber  framed  in  the  same 
vertical  plane  with  the  principal  rafters,  under,  and  parallel 
to  them,  for  giving  additional  support*  They  are  sometime^ 
allied  principal  braces,  and  sometimes  cushion  raftersp 
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Joggle$;  the  joints  at  the  meetings  of  stnits,  with  king- 
posts, queen-posts,  or  principal  rafters ;  or  at  the  meeting 
of  principal  rafters  with  king  and  queen- posts:  the  best 
form  is  that  which  is  at  right  angles  to  the  struts. 

Cocking  J  w  Cogging ;  the  particular  manner  of  fixing  the 
tie-beams  to  the  wall-plates. 

There  are  a  variety  of  roofs  differing  in  form,  according 
to  the  nature  of  the  plan,  and  the  law  of  the  horizontal  and 
vertical  sections. 

The  most  simple  form  of  a  roof  is  that  which  has  only 
one  row  of  timbers  arranged  in  an  inclined  plane,  and 
throws  the  rain  entirely  on  one  side.  This  description  of 
roof  is  termed  a  ihedrtoof,  or  lean-to. 

If  the  plan  of  the  roof  be  a  trapezium,  and  the  tops  of 
the  walls  properly  levelled,  the  roof  cannot  be  executed  in 
plane  surfaces,  so  as  to  terminate  in  a  level  ridge;  con- 
sequently, the  sides,  instead  of  being  planes,  are  made  to 
wind,  in  order  to  have  the  summit  parallel  to  the  horizon ; 
but  the  best  plan  is,  to  make  the  sides  of  the  roofs  planes, 
enclosing  a  level  space  or  flat,  in  the  form  of  a  triangle  or 
trapezium,  at  the  summit  of  the  roof.  Roofs  which  are  flat 
on  the  top,  are  said  to  be  truncated :  they  arc  chiefly  em- 
ployed with  a  view  to  diminish  the  height,  so  as  not  to  pre- 
dominate over  that  of  the  walls. 

If  all  the  four  sides  of  the  roof  are  formed  by  inclined 
planes,  it  is  said  to  be  hipped,  and  is  therefore  called  a 
hipped--roof ;  and  the  inclined  ridges,  springing  from  the 
angles  of  the  walls,  are  called  hips. 

Roofs  on  circular  bases,  with  all  their  horizontal  sections 
circular,  the  centres  of  the  circles  being  in  a  straight  line, 
from  the  centre  of  the  base  perpendicular  to  the  horizon, 
are  called  roofs  of  revolution  or  revolved-roofs.  • 

When  the  plan  of  the  roof  is  a  regular  polygon,  circle, 
or  an  ellipsis,  the  horizontal  sections  being  all  similar  to  the 
base,  and  the  vertical  section  a  portion  of  any  curve,  which 
is  convex  en  the  outside,  the  roof  is  called  a  dome. 

In  roofs  of  rectangular  buildings^  when  a  sanng  of  ex* 
pense  is  of  consequence,  instead  of  a  lead  flat,  which 
must  be  covered  with  lead  or  copper,  a  valley  is  introduced, 
which  makes  the  vertical  section  in  the  form  of  the  letter  M, 
or  rather  an  inverted  W ;  hence  it  has  obtained  the  name 
of  on  M  roof. 

The  pitch  of  a  roof,  or  the  angle  which  its  inclined  side 
forms  with  the  horizon,  is  varied  according  to  the  climate 
and  the  nature  of  the  covering. 
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The  inhabitanta  of  cold  ommtries  make  their  roo&  very 
hkh ;  and  thoae  of  Warm  eoniitriea,  where  it  seldom  rains 
m  siiev^^  very  flat.  But  cren  in  the  same  climate  the  pitch 
of  the  roof  is  greatly  varied.  Formerly  the  roofs  were 
made  very  Wh,  probably  with  the  notion  that  the  snow 
would  slide  off  easier;  but  where  there  are  parapets,  a  high 
HM>f  is  attended  with  very  bad  effects,  as  the  snow  slips 
down  and  stops  the  gutters,  and  an  overflow  of  water  ia 
the  consequence ;  besides,  in  heavy  rains,  the  water  descends 
with  such  velocity,  that  the  pipes  cannot  convey  it  away 
soon  enough  to  prevent  the  gutters  from  being  overflowed. 

The  hei^t  ofioofs  at  the  present  time  is  very  rarely 
above  one-third  of  the  span,  and  should  never  be  less  thaa 
one-sixth.  The  most  usual  pitch  for  slates  is  that  when  the 
height  is  one-fourth  of  the  span,  or  at  an  angle  of  26^  de- 
grees with  the  hcnison.  Taking  this  as  a  standard,  the  fol* 
lowing  table  will  show  the  degree  of  inclination  which  may  be 
given  for  odier  materials :— 


Kind  of  coveriDS* 

IndUiattoii 
tothchori- 
■OB  in  de- 

grew. 

Hdght    of 

MOfiB 

pacts  of 
Span. 

Waifktapooa 
■quaraofrooflag. 

Copper  ^r  lead  .... 

Slates  luge 

DiUo  ordinary 

Stoneslate 

Plain  tilei 

Pto-tiles 

Thatch  of  straw,  reeds. 

D4i>  Mia. 
S      50 

88  0 
86    SS 
f9    41 

89  41 
84      0 
45 

< 

J  copper     100 
\lead         700 
1190 
ffron        900 
Ito           soo 

8380 

1780 

€50 

A  roof  for  a  span  of  from  90  to  30  feet  may  have  a  truss 
of  the  form  shown  in  Fig*  683.  Within  this  limit,  the  pur* 
lines  do  not  become  too  wide  apart,  nor  the  points  of  sup- 
port of  the  tie*beam. 

For  spans  exceeding  30  feet,  and  not  more  than  45  feet, 
the  truss  shown  in  Fig.  584  is  well  adapted.  Each  purline 
is  supported,  consequently,  there  are  no  cross  strains  on  the 
principal  rafters ;  and  the  points  of  support  divide  the  tie* 
beams  into  three  comparatively  short  bearings.  The  sag* 
ging,  which  usually  takes  place  irom  the  shrinking  of  the 
heads  of  the  queen- posts,  may  be  avoided  by  letting  the  «id 
of  the  principal  rafter  abut  against  the  end  of  the  straining 
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team  A^  and  notching  pieces  and  bolting  them  together  in 
pun  at  each  joint. 

When  tbe  «pan  mceeds  45  feet,  and  is  not  more  than  60  feet,  the  tniM 
•hown  in  Fig^.  585  is  sufficiently  strong  for  the  purpose,  and  leases  a  coof- 
siderahle  dejpree  of  free  space  in  the  middle.  For  this  span  the  tie-besiii 
will  most  likely  retfuire  to  be  scarM*  and  as  the  bearing'  of  that  pnrtion 
of  the  tie-beam  between  a  and  h  is  short,  the  searf  should  be  made  tbere« 
The  middle  part  of  the  tie4»esm  maj  be  made  stronger  by  bolting  tbe 
straiiiing  cill  c  to  it. 

It  often  OCCUI1B,  that  the  centre  ai»les  or  naives  of  churchea 
are  higher  than  die  mde  aisles ;  a  similar  effect,  aa  when  the 
tie-beam  continnes  throngh,  may  be  produced  bj  connect- 
ing the  lower  beams  to  the  upper  one,  by  means  of  braces, 
so  that  the  whole  may  be  as  a  single  beam.  To  illustrate 
this  mode  of  constmction,  we  have  given  a  design  for  a  roof 
of  a  church,  somewhat  similar  to  St.  Martin's  in  the  fields, 
jLondon. 

Fig.  58S,  the  lower  ties,  AA,  are  so  connected  with  the  principal  tie- 
beam*  B,  by  means  of  the  braces,  a,  a,  that  the  foot  of  the^rincipal  raf- 
ters, e,  c,  cannot  spread  without  stretching  the  tie-beam,  B.  The  iron 
rods,  b,  b,  perform  the  office  of  king-posts  to  the  ties.  A,  A,  and  are  much 
better  than  timber,  in  consequence  of  the  shrinkage,  which  in  this  situa- 
tion would  be  very  objectionable. 

Fig.  587  is  a  design  for  a  roof  oi  a  church,  or  other  building,  requiring 
a  semicircular  arched  ceiling.  ' 

Domes  derive  their  names  according  to  the  plans  on 
which  they  are  built,  circular,  elliptical,  or  polygonal :  of 
these,  the  circular  may  be  spherical,  spheroidal,  ellipsoidal, 
hyperboloidal,  parabobidal,  &c.  Those  which  rise  higher 
than  the  radius  of  the  base,  are  called  surmounted  domes ; 
those  that  are  of  a  less  height  than  the  radius,  diminished, 
or  surifuedi  and  such  as  have  circular  bases,  ctepa/a«. 
The  most  usual  form  for  a  dome  is  the  spherical,  in  which 
cftse,  the  plan  is  a  circle,  and  the  section  a  segment  of  a 
circle. 

The  top  of  a  large  dome  is  often  finished  mdi  a  lantern, 
aumHHted  by  Ihe  mming  of  tbe  dome. 

l^e  interior  and  extmor  forms  of  domes  are  seldom 
alike,  and  in  the  space  between  them,  a  staircase  to  the 
lantern  is  usually  made.  According  to  the  sjpace  left  be- 
tween the  external  and  internal  domes,  the  miming  must 
'fce  designed.  8k>metimes  the  framing  may  be  trussed  with 
ties  across  the  opening ;  but  generaUy  the  interior  dome  rises 
80  high  that  ties  cannot  be  obtained. 

Fig.  Saa.  No.  1«  shows  the  eonstmctioD  of  a  dome  without  ties.  This 
ii  ths  most  single  method,  uid  one  which  is  particularly  applicable  to 
domes  of  ordinary  dimensions.   This  example  consists  in  phicing  a  ttQm- 
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ber  of  curTed  ribs,  so  that  the  lower  ends  stand  upon  and  are  well  framed 
into  the  kirb  at  the  base,  and  the  upper  ends  meet  at  the  top,  or  are 
framed  into  the  upper  kirb  on  which  the  lantern  is  placed. 

\\Tien  it  occurs,  as  it  generally  does,  that  the  pieces  are 
so  long,  and  so  much  curved,  that  they  cannot  be  cut  out  of 
timber  without  being  cut  across  the  grain,  so  much  as  will 
weaken  them,  they  should  be  put  together  in  thicknesses, 
with  the  joints  crossed,  and  well  bolted  together. 

No.  2,  shows  the  ribs  fixed,  and  bolted  together,  with  horizontal  rafters 
to  receive  the  boardins:  on  the  exterior,  and  the  laths  on  the  interior. 
These  ribs  should  be  placed  about  two  feet,  or  two  feet  six  inches  apart 
at  the  base,  and  be  composed  of  three  or  four  thicknesses  of  one  and  a  half 
inch-deal,  about  11  or  12  inches  wide,  which,  when  carefully  bolted 
tog^ether  with  the  joints  judiciously  broken,  will  stand  exceedingly  firm 
and  well. 

To  construct  the  ribs  of  a  spherical  dome^  with  eight 
axal  ribs,  and  one  purline  in  the  middle.  ' 

(Fig.  580.)  No.  1.  Let  ABCDE  be  the  pkn  of  half  the  dome,  which  di- 
vide into  four  equal  parts  at  BCD  and  E,  these  points  of  division  will 
mark  the  centre  of  the  back,  or  convex  sides  of  the  ribs.  This  being  done, 
let  hb,  CctDd,  be  the  plans  of  these  ribs,  with  the  points  of  division 
in  the  centre.  F,  Q,  H,  I,  K,  are  the  seats  of  the  upper  ends  of  the  ribs ; 
on  the  upper  kirb  draw  9  y,  No.  2,  parallel  to  AE,  then  from  the  dif- 
ferent seats  of  the  ribs  on  the  plan  draw  perpendiculars  cutting  sy. 
-'  Draw  the  cill,  xy,  its  intended  tlyckness,  and  complete  the  elevation  of 
the  front  and  back  ribs.  The  front  ribs  are  quadrants,  forming  a  semi- 
circle on  the  upper  side  of  the  wall-plate,  which,  of  course,  is  the  diaine- 
(err  The  curves  of  the  sides  of  eacn  of  the  other  ribs  are  the  quadrants 
of  an  ellipsis  of  the  same  height  with  the  front  rib.  Place  the  purlinea 
.«!  their  intended  situation,  and  having  drawn  the  elevation  and  plan,  as 
shown  by  the  dotted  line,  the  construction  is  complete. 

The.  ribs  of  an  elliptical  dome  are  found  precisely  on  the 
same  principle. 

Giveh  the  plan  of  a  polygonal  dome,  and  one  of  the  axal 
ribs,  at  right  angles  to  one  of  the  sides,  to  find  the  curve  of 
the'  angle  rib  and*  the  covering. '  » 

Fig.  590.  Let  A,  B,  C,  D,  £,  F,  G,  H,  be  the  plan  of  an  octangular 
polygonal' do^e\"aifd  cab  the  given  rib;  produce  c  a  to  d,  divide  the 
curve  line  a  BA  5  into  any  number  of  equal  parts,  the  more  the  better,  in 
this  case  fooTv  1>  2i  3,'6,  which  extend  on  the  line  ad;  the  first  from  a 
•to  1,  the  second  from  1  to  2,.&c.:  from  the  points,  of  division,  1,  2,  3,  6, 
.draw  lines  parallel  to  B  e,  cutting  C«e,  and  from  these  points  draw  lines, 
parallel  to  c  d,  or  at  rieht  angles  to  B  c,  and  through  the  points,  1,  2,  3, 
draw  k  I,  mn,  0  p,  and  tracing  a  curve  through  the  points  d,  p,  n,  /  C, 
and  making  domkB  similar,  then  the  space  comprehended  between  the 
cmrejines  dBe  ;  and  the  side  BC  of  t|ie  plan,  will  give  the  foim-of  the 
whole  covering,  for  each  side  of  the  dome. 

To  find  the  hip- fine  of  the  angle^rib^  whose  base  is  C  c« 
Draw  CE,  2e,  1/,  at  right  angles  to  Cc,  and  make  €E  equal  foci. 
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9eequd>Ml.aiidl/equal|o  l,S^IU,  Mid  tract  th|icur?«tbrau|^tW» 
poLoU,  and  it  will  give  ttie  angle-rib. 

The  method  of  covering  spherical  domes  is,  to  suppose 
Ibem  polygonal,  and  the  principle  the  same  as  the  fonegoing 
operation  for  an  octangular  dome, 

A  7iiche,  in  carpentry,  is  the  wood-work  to  be  lathed  over 
for  plastering.  The  general  construction  of  niches  is  with 
cylindrical  backs  and  spherical  heads,  called  cylindro-spheric 
niches ;  the  execution  of  which  depends  upon  the  principles 
of  spheric  sections. 

As  every  section  in  a  sphere  is  a  circle,  and  Uiat  section  - 
passing  through  its  centre  is  equal,  and  the  greatest  that 
can  be  formed  by  cutting  tlie  sphere ;  it  is  evident,  that  if 
the  head  of  a  niche  is  intended  to  form  a  spherical  surfiice, 
the  ribs  may  be  all  formed  by  one  mould,  who^e  curvature 
must  be  equal  to  that  of  the  greatest  circle  of  the.  sphere ; 
viz.  one  passing  through  its  centre ;  but  the  same  spnerical 
surface  may,  though  not  so  eligible,  be  formed  bv  ribs  of 
wood,  moulded  from  the  sections  of  lesser  circles,  in  a 
varieQr  of  ways. 

The  reason  why  these  latter  spherical  surfaces  are  not  so 
eligible  as  those  of  greater  circles  is,  because  their  dispo- 
sition for  sustaining  tbe  lath  is  not  so  good,  and  the  trouble 
cf  moulding  them  to  different  circles,  and  of  forming  the 
edges  accoiding  to  different  bevels,  in  order  to  range  them 
in  the  spherical  surface,  is  very  great,  compared  with  thote 
made  from  great  circles. 

Tne  disposition  of  the  ribs  of  niches  is  generally  in  a 
vertical  plane,  parallel  to  each  other,  or  intersecting  each 
other  in  a  vertical  line.  When  the  line  of  intersection 
passes  through  the  centre  of  a  sphere,  all  the  ribs  are  great 
circles ;  but  if  the  line  of  intersection  does  not  pass  through 
the  centre  of  the  sphere,  the  circles  which  form  the  sphe- 
rical surface  are  all  of  different  radii.  When  the  ribs  are 
fixed  in  parallel  vertical  planes,  their  disposition  is  either 
parallel  to  the  face  of  the  wall,  or  parallel  to  a  vertical 
plane^  passing  through  the  centre  of  the  sphere,  perpendi* 
cular  to  the  surface  of  the  wail )  but  this  method  is  not  so 
eligible  for  the  purposes  of  lathing. 

Another  method  is,  by  making  the  planes  of  the  ribs  pa-^ 
ralld  to  t^  horizon :  this  is  not  only  attended  with  ffrsat 
laBonr  in  workmanship,  but  is  incommodious  for  latningw 
Hie  various  positions  in  which  the  ribs  of  a  niche  may  M 
placed,  are  very  numerous  i  but  the  f^guiar  portions,  al^ 

i  It 
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readj  eaameratod,  ought  to  be  Aose  to  which  the  carpnl^ 
shomd  direct  his  attention. 

7b  get  out  the  rtbs/ar  the  head  of  a  niche,  all  of  them  being 
in  vertical  planes  passing  through  the  centre  of  the  sphere. 

Fif .  591»  No.  1.  From  the  centre  C  draw  the  f  round-plan  of  the  ribs, 
and  set  out  as  manir  ribs  upmi  the  plan  as  yon  mend  to  hare  in  the  head 
oftheniche.  WintiMfootof  your  oonpasies  in  C,  and  from  the  ends  of 
each  rib,  at  Ar  and  /,  draw  the  sinall  coocentric  dotted  circles  round  to  the 
centre  rib,  at  o  and  p,  and  draw  o  »,  and  p  n,  parallel  to  a  6,  the  face  of 
the  wall ;  then  from  r  round  to  t  on  the  plan  is  the  lensih  and  sweep  of 
the  centre  rib  to  stand  o^er ;  and  from  n  round  to  i  the  len^fth  and  curve 
of  the  rfli.that  stands  fmtti  biog  ;  and  from  m  round  to  <,  the  cunre  of 
the  shortest  rib,  that  stands  from  iSr  to  A.oa  the  plan. 

How  to  find  the  bevel  of  the  ends  of  the  back  ribs  against 
.  thefoont  rib. 

The  hack  ribs  are  laid  down  distinct  by  themselves,  at  AB  and  C  from 
t^e  nlan.  Tahs  i  1*  dn  No.  1,  and  set  it  to  &  1,  at  B,  draw  the  perpen- 
diculai^,  and  when, thev  .intersect  the  rih,  it  irill  show  the  bevel  requved. 
I'he  same  operation  heinf  done  to  C»  the  bevel  isiiound  in  the  same  manner. 

The  pl^cfis  of.  the  back-ribs  when  fixed  upon  the  front- 
rib  are  ascertained  by  drawing  perpenu  oulars^  and  com- 
pleting the  eleiwlion  of  die  nicne  No.  2  from  the  plan. 

To  find  the  radius  of  curvature  of  the  ribs  of  a  spherical 
nich^^when  the  ribs  all  meet  m  a  vertical  Une,  which  di^ 
vides  the  front  nb  into  two  equal  parts. 

Figr*  Sei^  No.  i.  Complete  the  circle,  of  whidi  tiie  inside  of  tiie  plnn  ia 
an  arc ;  produce  the  midole  line  of  the  plan  of  any  fib,  as  4>f  a  5,  to  meet 
the  opposite  side  of  the  circumference  m  h  ;  oathe  whole  Une  a  6,  an  a 
diameter,  describe  a  semicircle,  and  from  the  point  e,  when  the  riba  in- 
tersect, draw  a  perpjendicular  to  c  cf,  to  meet  the  arc  a  i/  at  i2,  which  arc 
is  the  curve  of  the  rib,  whose  seat  is  d.  The  other  rib,  as  AD,  is  found 
in  the  same  manner.    No.  S  is  the  elevation  -of  the  niche. 

Pendentive  cradlings  is  a  cove  bracketing^  springing  from 
the  rectangular  walls  of  an  apartment  mywards  to  the  ceil- 
ing, so  as  to  form  the  horizontal  part  of^  the  ceiling  into  a 
complete  circle  or  ellipsis. 

The  proper  criterion  for  such  bracketing,  if  the  walls  are 
out  by  horizontal  planes  through  the  coved  parts^  is,  that 
all  the  sections  through  such  parts  will  be  portions  of  cir- 
cles, or  of  ellipses,  and  have  tneir  arcs  proportioned  to  the 
sides  of  the  apartment,  so  that  each  section  will  be  a 
compound  figure.  •  Besides  having  four  curvilinear  parts,  it  < 
will  have  four  other  parts,  which  are  portions  of  tne  sides 
of  the  rectangular  apartment :  and  the  axis  of  the  ellipsis 
will.bisect  each  side  of  the  rectangle. 

Tig.  503.  Let  ABCDbe  the  plan  of  a  room,  or  stsir-ease.  tohe  hra^ 
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•i0d»  80  Mtoftrm'tlie  iiirfiMwof  ajiendeiitiv^ctlUvgr ;  iiiidl4t  A  &  c  D  be 
the  section  i^ross  the  diagonal  i  it  Is  required  to  im  the  oarratore  of  the 
springinf  ribf  ?' 
IhKw  C  <f  toerpenffiduliH'  to  A€,  mcctlnif  AC,  t^'thie  diitance  from  C 


totheliiie  A€,  and  let  hfromCtni  the  line  CA»MMifltom  tliis  point  dra# 
a  peroendicuhup  to  n^ee^  the  piipre  Ale  D  of  the  4ii4^oaMi  rib .;  make  the 
venia  sine  oC  ^l^e  pegmeol  A  d  G. equal  to  this  jperp^adleiilar,  «i|d describe 
the  segment  A  ^  C,  'wliich  ii  the  sprinj^inff  fine  Teqmredl  If  from  the 
centre  C  an  are  be^destribed,  with  a  radius  equal  to.thb  length  of  the  seat 
of.aribb  tonttetHtt'teatof  the  dUagoi^rib^ADT  ahd/ if  fr<ym  the  point 
of  meetkitf  aipeipendipuiar  be  drsvntQvleeit  the  ieurfe  A  A,  the  pottton  of 
tiie  arc  of  the  duur onal  rib,  ioteicepted  between  A  and  the  perpendicular, 
will  dve  the  length  of  the.rib,  corresponding  to  the  seat  which  was  takcK. 
Fig.  5M.  l*he  \fiiigonal  rib  is  a  semicircle :  the  operation  is  exactly  the 
tame,  and  may  be  deMribed  in  the  same  words. 


MBMSDRATION  OF  CARPBNTBBe'  W6R1t. 

All  large  and  brain  articles  in  which  an  imifonn  quantity 
of  matenals  and  workmanship  is  e^qiended^  are  generally 
measured  by  the  square  of  100  superficial  feet. 

Piles  used  in  the  foundations  are  valued  at  per  piece^  and 
driven  by  the  foot  run^  according  to  their  diameter^  and 
the  quality  of  th^  ground. 

Keepers  and  planking  are  measured  by  taking  Uie  super- 
ficial contents  in  yards  or  squares. 

.  Plain  centreing  is  measured  by  the  square;  but  as  the 
ribs  and  boarding  are  two  different  qualities  of  work,  they 
ought  to  be  m^a^ured  and  valued  separately  ;  one  dimension 
of  the  boarding  being  taken  by  girting  it  round  the  arch, 
the  other  being  the  length  of  the  vault. 

Centreing  for  groins  should  be  measured  and  valued  as 
common  centreing :  but  in  addition  thereto,  the  angles 
should  be  paid  for  by  the  foot  run,  that  is,  the  ribs  and 
boarding  ought  to  be  measured  and  valued  separately,  ac- 
cording to  the  exact  superficial  contents  of  each ;  and  the 
angles  bv  the  lineal  JE(K)t  for  workmanship,  in  fitting  the 
rib  and  boards,  and  for  the  waste  of  wood  occasioned  by 
the  operation. 

Wall-plates,  lintels,  and  bond-timbers,  ai*e  measured  by 
the  cubic  foot,  under  the  denomination  of  fir-in-bond. 

Naked  flooring  may  either  be  measured  by  the  siquare, 
or  by  the  cubic  foot,  according  to  the  description  of  the 
work^  and  the  quantity  of  timber  employed.  In  forming 
an  estimate  of  its  value,  it  should  be  observed,  that  in  e<fm 
eiibic  quantities  of  small  and  large  timbers,  the  small  Um 
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lierHwin  have  more  saperfides  than  the  lar^ones^  andl 
therefore^  the  saving  will  not  be  in  a  ratio  with  the  solid 
contents ;  conseouently  the  valne  of  the  workmanship  will 
not  follow  the  cubic  qnantity,  or  said  ratio.  The  difficolty 
of  handling  timbers  of  the  same  length  increases  mth  the 
weight  or  soUdit^^  as  the  greater  Quantity  requires  greater 
power  to  handle  it^  and  conseciuently  more  time. 

In  naked  floorinff^  where  girders  are  introduced^  the  uni- 
formity of  the  work  is  interrupted  by  mortises  and  tenons, 
so  that  the  sum  ascertained  by  the  cubic  quantity  of  the 
girders,  at  the  same  rate  per  foot  as  the  other  parts,  is  not 
sufficient ;  not  only  on  account  of  the  great  diflference  of 
size,  but  the  great  disparity  in  the  quantity  of  workman- 
ship, occasioned  bv  its  being  cut  full  of  mortises  to  reodve 
the  tenons  of  the  binding-joists ;  the  best  method,  there- 
fore, to  Talue  Jibe  labour  and)  materials  is,  to  measure  and 
estimate  the  whole  by  the  cubic  quantity,  and  allow  an  addi- 
tional rate  upon  eveiy  solid  foot  of  ^rders ;  or,  if  the  bind- 
ing-joists are  not  inserted  in  the  girders,  at  the  usual  dis- 
tances, a  fixed  price  for  every  mortise  and  tenon,  in  pro- 
portion to  their  size,  which  will  keep  a  ratio  with  the  area 
of  the  end  of  the  girder. 

Partitions  may  he  measured  by  the  cubic  feet ;  but  the 
cills,  top-pieces,  and  door-heads,  should  be  measured  by 
theoQselves,  according  to  the  solid  quantity,  at  an  additional 
inte  I  because,  both  the  uniform  solidity,  and  the  uniform 
quantity  of  workmanship  are  interrupted  bv  them.  In 
trussed  partitions,  tiie  braces  should  be  rated  by  the  foot 
cube^  at  a  superior  price  to  that  of  the  quarterings,  for  the 
trouble  of  fitting  the  ends  of  the  uprights  upon  their  upper 
and  lower  sides,  and  for  forming  the  abutments  at  the  ends. 

The  timbers  in  roofing  should  be  measured  by  the  cubic 
foot,  classed  as  the  difficulty  of  execution,  or  as  the  waste 
occasioned,  may  require. 

Battening  to  walls  is  best  measured  by  the  square,  ac- 
cordin|$  to  the  dimensions  and  distances  in  the  clear  of  the 
battenmg. 

It  would  be  endless  to  enumerate  the  various  methods 
of  measuring  each  particular  species  of  carpenters'  work; 
the  leadlne  articles  only  need  be  noticed. 

When  the  shell  of  a  building  is  finished,  that  is^  previous 
to  the  floors  being  laid,  or  the  ceilings  lathed,  all  the  timbers 
ahould  be  measured,  that  no  doubt  may  arise  as  to  the  actual 
•caotiings  of  the  timbers,  or  of  the  description  of  the  work- 
manship.   In  taking  dimensions  it  must  be  observed  that. 
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all  ^Keoes  which  hareteoons^  muHtbe  measored  to  the  extre- 
mities of  the  tenons^ 

It  is  impossible  to  determine  on  any  proper  rate^  includ- 
ing both  materials  and  workmanship,  as  the  one  may  be 
stationary^  while  the  other  is  variable.  With  respect  to 
materials^  the  valae  of  any  quantity  may  be  easily  ascer-. 
tained,  whatever  be  the  price  per  load ;  but  the  difficulty  is 
far  greater  in  fixing  proper  rates  of  workmanship ;  however^ 
were  the  time  of  executing  every  species  of  work  known^ 
there  wonid  be  no  difficulty  in  establishing  certain  uniform 
quantities^  which  would  give  the  real  value. 


JOINERY. 

Is  the  next  branch  of  art  which  comes  under  our  con- 
sideration, and  comprises  the  practice  of  employing  wood  in 
the  external  and  internal  fimshings  of  houses. 

In  the  execution  of  this  branch  of  building,  it  is  almost 
imnecessary  to  observe  that,  as  joinerv  is  employed  princi- 
pally by  way  of  decoration,  and  is  liable  to  close  inspection^ 
it  is  one  of  the  departments  which  demands  the  strictest 
care  and  attention  in  the  workmen;  and  it  requires  the 
greatest  ingenuity,  skill,  and  experience,  to  become  fully 
master  of  every  subject  under  the  joiner's  consideration. 

The  first  and  most  important  thing  to  be  attended  to,  is 
the  judicious  selection  of  materials ;  as,  without  a  strict  ob- 
servance of  this  particular,  the  care,  ingenuitv,  and  ex- 
ertions of  the  workman  will  be  wholly  frustrated. 

As  the  temperature  of  the  atmosphere  has  a  great  influ- 
ence on  wood,  and  more  particularly  in  the  winter  sea- 
son^ it  would  be  advisable  to  put  that  which  is  to  be 
used  in  fine  work  over  an  oven  for  a  day  or  two.  In  the 
difiercnt  descriptions  of  joint  used  by  the  joiner,  a  hot 
tenacious  liquid,  called  glue^  is  almost  universallv  used,  and 
when  applied,  the  two  surfaces  of  the  wood,  whicn  have  been 
previously  rendered  smooth,  are  rubbed  together  until  the 
glue  is  nearly  all  forced  out.  One  piece  is  then  set  to  its 
situation  with  respect  to  the  other. 

For  outside  work,  such  as  gates,  doors,  &c.  whi^-lead  is 
used  in  all  the  joints. 

When  a  frame,  consisting  of  several  pieces,  is  required, 
the  mortises  and  tenons  are  fitted  together,  and  the  joints 
glued  all  at  one  time,  then  entered  to  tneir  places,  and  forced 
together  by  the  assistance  of  an  instrument  called  a  cramp. 
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Hie  operathm  of  wtodeirimg  u  roogh  locSioe  snootti)  If 
takiog  away  the  superfluous  wood,  is  eaUed  plammg^  and 
the  tools  used  for  this  puipose  are  icAU^phams. 

The  planes  used  by  joinera  id  ^e  primaiy  operatm  of 
their  work  are  called  Jaek-^Umes,  frying^ptamtj  tong^ 
phmes,  and  Mioot/drng-planeB  $  the  respective  uses  of  wfaifsh 
are  as  follow :«— The  jack-pIaDe  is  usea  for  takmg  away  tte 
vough  occasioned  by  the  saw,  and  reoeioviDg  aU  s^pecfiuoiu 
and  other  uneren  parts.  The  tryinff^-plane  more  psrr 
ticularly  to  bring  the  surfiice  perfectly  IcFel  and  trns ;  the 
long  plane  succeeds,  when  the  surface  is  long,  and  is  ith 
quired  to  be  very  straight,  as  in  lointing  long  boards  for 
the  purpose  of  gluing  them  togetner;  and  the  smoothing- 
plane  is  used  to  smooth  and  dew  off  the  work. 

In  addition  to  the  above,  termed  bench-^lanes,  others  ar^ 
occasionally  used  in  forming  any  kind  of  prismatic  surfiEUJes, 
viz.  rebatin^'plmnes,  ^roovtw-ficmesy  moulding^hmes^  See.  j 
under  which  head  is  mcluded  the  JUlisier  mdpt&High;, 

Rebaiing-planes  are  used  for  cutting  out  rebates,  «/  kind 
of  half  groove,  upon  the  edge  of  a  board,  or  other  jpi^  of 
wood,  formed  by  taking  down  or  reducing  a  small  j^art  of 
the  breadth  of  the  board  to  half,  more  or  less,  of  the  general 
thickness.  By  this  means,  if  a  rebate  be  cut  on  the  upper 
side  of  one  board,  and  the  lower  side  of  another,  the  twa 
rnay  be  made  to  overlap  each  other,  without  making  tbc^iti 
aby  thicker  at  the  joint.  y\ 

Rebates  are  also  used  for  ornamenting  moulditfgs,  and  for 
many  other  purposes  in  joiners'  work.  The  planes  for  cut- 
ting them  are  of  different  lands,  some  havmg  the  cutting 
edge  at  the  side  of  the  iron  and  stock ;  others  at  tb(3  bottom 
edge  of  the  iron  and  the  face  of  the  stock ;  and  othei^  cut- 
ting in  both  these  directions.  Hie  former  iaie  used  to 
smooth  the  side  of  a  rebate,  and  therefbrr  are  called  sfcfo 
rebaiing-planes ;  the  others  for  smootbing*  the  bottocft*  A 
third  sort  of  rebate-planes,  called  a  ^Usier,  is  used  for 
sinking  or  cutting  away  the  edge  of  a  piece  of  wood,  to  form 
the  rebate,  leaving  it  for  the  others  to  smooth  the  surfaces 
when  cut. 

Tiie  moving  JiUister  is  a  rebating-plane  having  a  ruler  of 
wood,  called  the  jfence,  fixed  by  screws,  upon  its  face,  vfi  the 
direction  of  its  length,  and  exactly  parallel  to  the  edge  of 
the  face ;  consequeridy,  it  covers  part  of  the  width  of  the 
cutting  edge,  and  can  be  fixed  at  any  required  distance  from 
the  edge,  to  leave  more  or  kss  of  the  cutting  edge  exposed, 
which  will  be  the  breadth  of  the  rebate  it  will  cut,  because. 
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yffamkyiMA,  the  edge  of  the  fence  is  applied  agmntt^Aeedgb 
of  tbeiileee  to  be  rebsted,  aod  thus  giuges  thebraadth  -ib 
iron  should  cat  away.  The  cutting-iron  of  this  plana  is-cot 
Stinted  «t  right  angles  to  the  l^gth  of  the  stocky  but  has 
te  oUiqiiity  of  about  forty-five  degrees;  the  exposed  sicte 
of)  the  iron  being  more  forward  than  the  one  next  to  the 
£^ce.  By  thia  obliquity^  the  plane  has  a  tendency .  or  drift 
to  run  further  into  the  breadth  of  the  trdod  ;  but  as  the  fence 
sliding  against  the  edge  t>revent«  this,  the  drift  always  keepis 
the  fence  in  contact  with,  the  piece  without  the  iiitention  of 
the  Ivorkman :  it  also  causes  the  iron  to  dit  the  bottom  of 
the  rebate  smootheri  particularly  in  a  transverse  directmn 
t0  the  fibres,  or  where  the  wood  is  cross-grained,  or  where 
the  edge  ia  perj>endicular  to  the  sides  ofthepllme.  It  i» 
chiefly  used,  however,  to  thiow  the  shaving  into. a  cylindri- 
oal  form,  and  th^^by  make  it  issue  froBi>oneV  side  of  the 
plane.  Besidea  this  iron,  there  is  another  of  smaller  di- 
ipetittO&Si  ealled  the  tooth,  which-  precedes  the  other,  to 
scratfeb;or  cut  a  deep  crack  in  the -width  of  the  rebate,  thus 
making!',  the  ahaving,  which  the  iron  cuts  up  ftom  the  bot«- 
torn,  separate^  sidierways  from  the  rest  of  the  wood.  The 
stmi':/HfiMier  Aif^Ts  in  many  particulars  from  the  moving 
fillister  :  the  fence  is  adapted  to  be  moved  to  a  considerable 
distance^  not  being  fixed,  ail  in  the  moving  fillister,  iy 
scfetv^.upoft.theiift^  but  sustained  by  two  bars,  fixed fost  to 
it^  psBBsiik^  through  the  ttvo  vertical  sides  of  the  stock  at 
r4:ht  titiglea  to  the  sides :  these  bars,  when  set  to  l&eir 
intended  places,  are  tightened  by  small  wedges.  T%ds  kind 
of  pline  la  usually  employed  to^reblite  narrow  piecea  of 
wood,  801^  as  are  used,  in 'sashes ;  and  the  fence  is  ap^^lied 
agjunst  the  opposite  edge  to  that  on  which  the  rebate  is  to 
beformedj 

The  pbn^h  is  a  plane  with  a  very  narrow  face,  made  of 
iron,  moed  beneath  a  wooden  stock,  and  projecting  down 
from  the  wood  of  the  stock ;  the  edge  of  the  cutting-iron 
being  the  full  width  of  the  groove  required :  it  is  guided  by 
a  fende  with  bars  like  the  sash-fillister,  and  has  also  a  stop  to 
regtUlate  the  depth  intended  for  the  grooves. 

Moutdhig-ploMes  are  those  which  have  their  faces  and 
cutting  edges  curved,  to  produce  all  the  varieties  of  orna- 
iB^nul  mmddings^  t  they  are  knowti  by  the  names  of  «ii^e'«- 
bUls,  side  mipe*8'^biUs,  beads,  hollows,  rounds,  otjolGs,  and 
ogees.  Of  these  there  ate  a  great  variety  of  slses,  with  which 
every  good  joiner  is  furnished. 

The  whole  of  theae^plane»*faave  their  ftces  straight  in  the 
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dbeetioft  of  their  lagth ;  but  a  seetioD  aeioit  the  five  ip 
the  imprestioii  or  reverse  of  the  moolding  they  are  intended 
tomake.- 

The  tools  employed  in  boring  cylindric  holes  are  a  tU)dt 
with  M^«,.  gimkiXy  and  iroot-aic^fe  of  various  descripticms  and 
sizes.  Toe  tools  used  for  paring  the  wood  obliqady,  or 
across  the  fibres,  and  for  cutting  rectangular  prismatic  ca- 
vities, are  in  general  denominacad  chiseb  ;  those  for  paring 
the  wood  across  the  fibres  being  called  Jhrners,  or  parv^ 
chads,  and  those  for  cutting  mortises,  marthe^hiseU.  Tne 
best  paring'diisels  are  made  entirely  of  cast  st^el.  Chisels 
for  paring;  concave  surfaces,  are  called  gouges. 

Wood  IS  generally  divided  or  reduced  by  means  of  smasj 
of  which  there  are  several  sorts ;  as  the  rippbig-sam^  far 
dividing  boards  into  separate  pieces,  in  the  direction  of  the 
fibres  ;  the  lmnd*saiWj  for  cross*  cutting,  or  for  sawing  fhin 

1>ieces  in  the  direction  of  their  length  ;  the  panel-smo,  eitiier 
or  cross  cutting,  or  cutting  very  thin  boards  longitudinally ; 
the  tenoH'^smoj  with  a  thick  iron  back,  for  malmig  an  ind* 
sion  of  any  depth  below  the  surface  of  the  wood,  and  for 
cutting  pieces  opposed  to  the  length  of  the  fibres ;  also  a 
sash^saw,  and  a  aomtaU^saw,  used  much  in  the  same  way 
as  the  tenon«-saw. 

From  the  thinness  of  the  plates  of  these  three  last*men- 
tioned  saws,  it  is  necessary  to  stiflfen  them  by  a  strofi^  piece 
of  metal  called  the  back,  which  is  grooved  to  receive  the 
upper  edge  of  the  plate,  fixed  to  the  back,  and  which  is 
thereby  secured  and  prevented  firom  crippling. 

When  it  is  required  to  divide  boards  into  curved  surfi^es, 
a  very  narrow  saw  without  a  back,  called  a  conqMsS'-saw, 
is  used ;  and  in  cutting  a  very  small  hole,  a  saw  of  a  similar 
description  is  used,  odled  a  key^hole^saw.  Both  of  these 
description  of  saws  are  called  tuming-'sawsy  and  have  thrir 
plates  thin  and  narrow  towards  their  bottoms,  and  each 
succeeding  tooth  finer. 

The  external  and  internal  angles  of  tiie  teeth  of  all  sawi 
are  generally  formed  at  one  angle  of  fiO  degrees,  and  the 
fiontedge  teeth  slope  backwards  in  a  small  dq;ree.  Tlie 
teeth  of  every  descnption  of  saw,  except  turning-saws,  are 
alternately  bent  on  contrary  sides  of  the  plate,  so  that  alt 
the  teeth  on  the  same  side  are  alike  bent  throughout  &e 
length  of  the.plate,  for  the  purpose  of  clearing  the  sides  of 
the  cut  made  by  it  in  the  wood.  The  forgoing  are  generally 
termed  edge-tools* 

When  it  is  necessary  to  ascertain  if  an  angle  be  exactly 
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squire^  or  indlnari  to  any  number  of  degrees,  a  tool  called 
a  ifumrn  is  naedt  and  in  the  latter  instanee,  a  bevel  is  set  to 
the  angle;  when  any  piece  is  to  be  reduced  to  a  parallel 
breadth  or  thickness^  an  instrument,  called  a  ^aure,  formed 
of  a  square  piece  with  a  mortise,  having  a  slidmg  bar,  called 
a  eiefinj  running  through  it  at  right  angles,  and  ftirnished 
mth  a  tooth,  projecting  a  little  from  the  surface,  is  used ; 
so  that  when  the  stock  of  the  gauge  is  applied  to  the  verti- 
cal side  or  edge  of  the  piece,  with  the  toothed  side  of  the 
stem  upon  the  horizontal  surface,  and  is  pushed  and  drawn 
alternately  hackwanb  and  forwards  by  the  workman,  the 
tooth  wilt  make  an  incision  from  the  surface  into  the  wood, 
at  a  parallel  diatmce  from  the  edge  to  whi<^  the  stock  part 
id  applied. 

wLeu  a  mortise  is  to  be  made  in  a  piece  of  wood,  the 
gauge  used  has  two  teeth.  The  construction  of  this  gauge 
is  tbe^iime  as  that  before  described,  except  that  the  tooth 
nearest  the  stock  moves  by  means  of  a  longitudinal  slider 
in  the  stem,  which  is  to  be  set  at  a  distance  from  the  other 
tooth,  as  occasion  may  require. 

If  apiece  of  wood  is  to  be  sawn  across  the  fibres,  a  flat 
piece  cf  wood,  which  has  two  projecting  knobs,  on  opposite 
sides,  one  at  each  end,  called  a  side-hooky  is  used,  to  keep 
the  piece  which  has  to  undergo  the  operation  of  the  saw 
steady ;  the  knob  at  one  end  presses  against  the  piece,  while 
that  at  the  other  end  is  hooked  to  the  bench.  Two  of 
these  are  necessary  when  the  pieces  are  long. « 

When  a  piece  of  wood  is  required  to  be  cut  to  a  mitre, 
that  is,  to  half  a  right  angle,  joiners  use  a  trunk  of  wood 
with  three  sides,  like  a  box  that  has  neither  ends  nor  top,  the 
sides  and  bottom  being  parallel  pieces,  and  the  sides  of  equal 
hei^t.  Through  each  of  the  pi^x>site  sides,  in  a  plane  per- 
pendicular to  the  bottom,  and  at  the  oblique  angles  of  45* 
and  1%*  with  the  planes  of  the  sides,  a  kerf  is  cut ;  and 
another  kerf  is  made  with  its  plane  at  right  angles  to  the 
two  former.  Into  this  trunk,  termed  a  mitre^baxj  the  piece 
to  be  cut  is  put,  and  the  saw,  guided  by  Ihe  kerfis^  cuts  the 
wood  to  the  angle  required. 

In  making  a  straigiit  surface,  a  strip  of  wood  called  a 
stfaighi'edgey  which  has  one  of  its  edges  perfectly  straigfht, 
is  frequentfy  applied,  to  detect  the  irrc^larities,  and  the 
piece  is  accordingljr  planed  with  the  trying  plane  until  ihe 
surfoce  comcides  with  tbe  straight-edge. 

To  ascertain  if  the  surface  of  a  piece  of  wood  be  in  one 
plane,  the  joiner  takes  two  slips  of  woq^  each  straightened 
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<m  one  edge,  with  tbe  opponte  e^  penlld^  and  bolii 
pieces  of  the  same  hd^it,  and  places  them  one  at  eadi  end, 
across  the  boaid  mider  operation ;  he  thenkxiks  in  the  Ion- 
gitodtnal  direction  of  the  board  over  the  upper  edges  of  the 
dipsj  and  if  the  two  edges  and  his  e^  be  not  in  one  idane^ 
the  npper  parts  are  phmed  down  nntil  the  piece  is  aaid  to  be 
oif/ <ir  win^  and  the  same  term  is  qiplied  to  the  slips,  which 
are  called  windmg^iHcks^  The  operation  of  mudw  the 
e%e  of  a  board  straight  is  called  tiooltn^;  andthee%e80 
made  is  said  to  be  fAof. 

From  what  has  been  here  said  of  the  application  of  tbe 
principal  tools  used  by  the  joiner,  we  consider  any  finrther 
account  of  tbe  primary,  processes  unnecessary ;  we  shall, 
therefore,  proceed  to  lay  before  the  reader  the  best  methods 
in  use  of  efiecting  some  of  the  more  difficult  and  particuhur 
operations. 

To  construct  the  surface  of  a  jnnium  cf  a  qfSmdermth 
woodj  whim  the  fibres  a^  at  right  angks  to  the  axis  of  the 
q/linder,  such  as  nuof  bemsd  m  a  circular  dado,  or  the  sof 
jits  of  %oindows* 

If  the  dim^isioo  of  the  cylindric  aurfaoey  paiallel  to  the 
axis,  be  not  broader  than  a  plank  or  board,  rtfais  may  be 
done  by  gluing  several  thicknesses  of  yenoer  upon  each 
other ;  the  first  upon  a  mouldy  or  upon  brackets,  with  their 
.  ed^es  in  the  surface  of  the  proposed  cjfinder,  parsUel  to  its 
axis.  This  may  be  effected  by  means  of  two  sets  of  brackets 
fastened  to  a  boards  one  convex  and  of  the  carve  intended, 
and  the  other  concave  of  the  curve  of  tbis  exterior  of  the 
whole  thickness  of  veneers,  or  somewhat 'larger;  this  last 
bracket  is  then  apnlittl  on  the  top  of  the  veneers  and  fas- 
tened to  the  other  bracket,  and  the  veneers  are  then  forced 
'  together  by  means  of  wedges  between  tba.  concave  brac- 
ket and  tbe  veneer.  If  this  ioperation  be  careftilly  done  and 
tbe  glue  properly  dried,  the  wedges  may  be  blackened  and 
the  work  will  stand  well,  btit  it  must  be  oljserved,  that,  as 
the  wood  has  a  natural  tendency  to  unbend  itself,  the  curved 
sur&ce,  upon  which  it  is  glued,  should  be  ratiier  quicker 
than  that  intended  to  be  m^e. 

A  second  plan  is  to  form  a  templet  or  cradle  to  the  sur- 
iace  iDteoded,  and  lay  a  veneer  upon  it ;  then  to  glue  a  num- 
ber of  blocks  of  wood,  upon  Jts  back,  closely  fitted  to  its 
surface,  and  the-^  other  joints  to  each  other,  the  fibres  of  the 
'  veneer  being  parallel  to  those  of  tbe  blocks. 

A  ihird  method  i3  to  make  a  cradle  and  place  the  veneer 
upon  it,  cot^ftning  one.etols  lay  the.idtte  between  tnc 
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veneeiB  wi  A  a  brush,  and  fix  a  bridle  acrosa,  confining  its 
ends  either  by  nails  or  by  screws ;  open  the  veneers  again, 
put  glue  a  second  time  between  each,  and  fix  another  bridle 
across  them ;  and  in  this  manner  proceed  to  the  other  exr 
tremity. 

A  fourth  plan  is  to  cut  a  number  of  equidistant  grooves 
across  the  iMick  of  the  board,  at  ri«;ht  angles  to  its  edges, 
leaving  only  a  small  thickness  towards  the  &ce;  then  to  bend 
this  round  a  cradle  with  the  grooves  outwards,  and  fill  the 
grooves  with  strips  of  wood,  which,  after  the  glue  is  quite 
oiy,  must  be  planed  4own  level  with  the  surface  of  the 
board.  This  may  b^  stiffened  by  gluing  strong  canvass  on 
the  back. 

To  bend  a  board  so  as  to  form  the  frustum  of  a  cone,  or 
any  s^ffmental  portion  of  the  frustum  of  a  cone,  as  the  sof^^ 
fit  of  the  head  of  an  apertttre* 

When  the  envelope  of  the  covering  is  found  by  the  rule 
laid  down  under  the  article  Masonry,  page  542,  and 
the  mould  is  made  with  a  thin  piece  of  board,  cut  out  the 
board  intended  to  be  bent,  and  run  a  number  of  saw  kerfs, 

3r  grooves  made  by  a  plane,  (which  are  preferable,)  equi- 
istant  from  each  other,  and  tending  to  the  centre,  and 
having  fixed  it  to  a  templet,  made  to  the  surface  of  a  cone, 
finish  it  in  the  manner  shown  in  the  last  method,  for  a 
cylinder. 

To  glue  up  the  shaft  uf  a  column,  supposing  it  to  be  the 
frufftum  of  a  cone. 

Prepare  as  many  staves  as  the  circumference  ma^  require, 
and  let  the  ioints  of  each  be  so  managed  as^  to  fall  m  the  fil-^ 
lets,  which  disposition  will  be  stronger  than  if  they  were  to  fall 
in  the  middle  of  the  flutes.  Suppose  eight  pieces  to  be  suf- 
ficient  to  constitute  the  shaft  or  a  column  :  describe  a  circle 
to  the  diameter  of  each  end;  about  each  circle  describe  anocta* 
gon ;  from  the  concourse  of  each  anp;le  draw  aline  to  the  cen* 
tre,  then  draw  an  interior  concentnc  octagon,  with  each  side 
parallel  to  the  respective  sides  of  the  corresponding  one, 
and  the  distance  between  these  two  octagons  equal  to  the 
thickness  of  the  staves  ;  and  thus  the  section  of  the  staves 
will  be  found  at  each  end^  and  consequently,  the  bevels  will 
be  obtained  throughout  the  whole  length.  In  order  to  join 
the  column,  glue  two  pieces  together,  and  when  quite  dry, 
glue  in  blockings  to.  strengthen  them ;  join  a  third  piece  to 
the  former  two,  and  secure  it  also  by  blockings.  Jn  this 
manner  proceed  to  the  last  piece  but  one.  In  fixing  the  last 
piece,  the  blockings  must  be  .dued  to  the  adjacent  staves; 
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and  tfadr  nirfaoety  on  which  the  last  stave  is  intended  to 
retty  most  be  all  in  the  same  plane,  that  its  back  may  rat 
firmly  npon  tbem.  In  dosinff  np  the  remaining  space,  the 
part  of  the  oolnmn  that  is  glned  together  shonld  be  kept 
firom  spreading  by  confining  it  in  a  kind  of  cramp,  or  cra- 
dle, while  driving  the  remaining  stave  to  close  the  joints. 

Instead  of  the  forgoing  mode,  some  joiners  gloe  up  the 
columns  in  halves  and  then  glue  them  together.  When  an 
iron  core  is  necessary  to  support  a  floor  or  roof,(  the  column 
must  necessarily  be  glued  up  in  halves ;  in  which  case  the 
two  halves  are  to  be  dowellod  together,  and  the  joints  filled 
with  white-lead.  Instead  of  a  cramp,  a  rope  is  used, 
twisted  by  means  of  a  lever.  In  bringing  the  two  halves 
together,  the  nercussive  force  of  the  mallet  must  be  applied 
upon  the  middle  of  the  surfiice  of  one  half,  while  an  assist- 
ant holds  something  steady  against  the  middle  of  the  other, 
that  the  opposition  may  be  equal,  and  bv  this  means  the 
surfaces  will  be  brought  into  contact,  and  form  the  joint 
as  desired.  In  this  operation  pieces  of  wood  ought  to  be  in- 
serted between  the  column  and  the  rope. 

Boards  can  be  connected  together  at  any  given  angle, 
either  by  pins  or  nails,  mortise  and  tenon,  or  by  indenting 
them  together* 

This  last  mode,  from  the  sections  of  the  hollows  and  pro- 
jecting parts  being  formed  like  a  dove's  tail,  is  called  dave^ 
iaUing. 

There  are  three  sorts  o{  dovetailing  i  viz.  common,  lap, 
and^  mitre.  Common  dovetailing  shews  the  form  of  the 
projecting  parts,  as  well  as  of  the  excavations  made  to  re- 
ceive them  ;  lap  dovetailing  conceals  the  dovetail,  but  shews 
the  thickness  of  the  lap  on  the  return  side }  and  mitre  dove- 
tailing conceals  the  dovetail  and  shews  only  a  mitre  on  the 
edges  of  the  planes  at  the  surface  of  the  concourse ;  that  is, 
the  edges  in  the  same  plane,  the  seam  or  join  being  in  the 
concourse  of  the  two  faces,  making  the  given  angle  with 
each  other. 

Concealed  dovetailing  is  particularly  useful  where  the  faces 
of  the  boards  are  intended  to  form  a  saliant  wgle ;  but 
when  the  faces  form  a  re-entrant  angle,  common  dovetailing 
is  preferable. 

There  is  another  simple  and  expeditious  manner  of  con- 
necting the  ends  of  boards  together  where  the  faces  form  a 
re- entrant,  or  internal  angle,  by  means  of  a  ^ove  in  the 
one,  and  a  tongue  in  the  other ;  and  if  the  pieces  be  pre 
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viouftly  nuled  so  that  the  nails  be  uot  seen  in  the  faces^  iM 
will  answer  every  purpose  of  common -dovetailing. 

As  various  methods  are  employed  in  connecting  pieces  of 
wood  so  as  to  form  an  angle,  we  shall  here  present  the 
reader  with  sojie  of  the  best  examples. 

¥ig%.  595  and  596  are  methods  of  connecting^  tiro  pieces  of  wood  so  td 
to  form  two  internal  right  ang^les. 

Figs.  597,  596, 599,  dOO,  601,  and  602,  exhibit  the  joining  of  boards  at 
an  external  aiigk. 

In  Figs,  598  and  599  the  external  angle,  being  that  which  is  exposed 
to  sight,  is  rounded  or  beaded. 

Fig.  600  is  the  most  common  of  mitres. 

Fig.  601,  a  lapped  mitre,  which  is  much  stranger  than  Fig.  600, 

Fijg*  60B,  fr  lapped  and  tongued  autre* 

F^.  603,  dofetailingT 

Fig.  SOI-,  secret  doyetailing. 

If  several  boards  are  required  to  be  joined  together  to 
form  a  broad  face,  they  are  sometimes  strei^^ened  by  fix- 
ing, with  a  tongue  and  groove,  or  mortise  and  tenon, 
another  narrow  piece  across  etich  end :  the  cross  piece  is 
termed  a  clamp,  and  the  board  thus  constructed  is  said  to 
be  clamped. 

The  most  simple  description  of  door  is  constructed  of 
several  boards  simply  rebated  together,  or  each  edge  plough- 
ed and  tongued ;  these  are  con&ied  together  by  a  transverse 
piece,  called  a  kdge  nailed  a  cross>  from  which  the  door  de- 
rives the  name  of  a  ledge-^door. 

When  strength,  durability,  and  beauty  are  to  be  combined, 
a  frame,  joined  b^  mortise  and  tenon,  is  constructed  with 
one  or  more  openings ;  and  these  openings  are  filled  with 
pieces  called  panels,  fitted  into  grooves,  ploughed  in  the 
edges  of  the  frame.  The  horizontal  pieces  of  the  fnimiug  are 
called,  according  to  their  situation,  top-rail,  bottom-rail, 
lock-railf  tLnd/rieze-raiL  On  the  lode- rail  the  lock  is  either 
mortised  in,  or  screwed  on ;  and  the  f rieze-nul  is  an  interme- 
diate rail  between  the  top  and  middle  rail.  The  extreme 
vertibal  pieces  to  which  the  rails  are  fixed  are  called  stiles ; 
and  if  there  be  any  intermediate  piece  it  is  called  a 
mounting.  ^ 

.  Doors  derive  their  names  according  to  the  manner  in 
which  they  are  framed  and  the  number  of  panels  they  con- 
tain, as  one,  two,  four,  six,  &c.  panelled  doors ;  and  are 
further  described  by  the  moulding  and  description  of  panel. 

JUhdoors  are  those  whicb^  when  shut,-  are  as  mucn  con- 
cealed as  possible.  Th^  are  used  to  preserve  the  uni- 
formity of  aroom^  or  to  save  the  expense  of  a  corresponding 
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door.  Doors  ought  to  be  made  o£  the  best  materials,  per- 
fectly seasoned^  and  firmly  put  together;  the  mitres  or 
scribings  shoald  be  brought  together  with  the  greatest  ex- 
actness^ and  the  whole  of  their  surfaces  be  perfectly  smooth. 

The  mortising,  tenoning,  ploughing,  and  stickmg  of  the 
mouldings,  ought  to  be  worked  correctly  to  the  gauge-lines ; 
otherwise  the  door,  when  put  together,  will  be  out  of 
tmU)^  and  occasion  the  workman  a  great  d^  qf  ..tsonble, 
paring  the  different  parts  to  make  it  appear  sati^GM^toiy: 
the  door  wilt  also  lose  much  of  its  firmness,  especially  if  the 
mortises  and  tenons  require  to  be  pared. 

In  bead  and  flush  doors,  make  the  work  square,  after- 
wards put  in  the  panels,  aocl  smooth  the  whole  off  to- 
gether ;  then,  marking  the  panels  at  the  parts  of  the-fram- 
ing  to  which  they  agree,  take  the  door  to  pieces,  and  work  the 
boukim  thfe  stilus,  motmlings,  and  roIb*  If  the  <loor8  are 
double  margin^  that  is,  repieseating  Brpw  of  foldiiig  doors, 
the.  staff  stile,  wbioh  imitates  the  meetiog^stiles^  moat  be 
inserted  into  the  top  and  bottom  rails  of  ^he^door,  by  fork- 
ing the  ends  into  notches  cot  in  the  top  and.boCtom  ndis. 
»  In  the  hanging  of  doors,  the  chief  aim  is  to  elearthe  car- 
pet or  ground ;  wbicb  -may  be  aooomplished  hy  obseniog 
the  following  rules.  First,  let  the^oor  be  raised  under  the 
door,  according  to  the  intended  thi<A;:neaB  of  the  carpet ; 
secondly,  let  the  knuckles  of  the  to]^  and  bottom  hinges  be  so 
placed,  that  the  top  hinge  hang,  or  proiect,  alKHit  one 
eighth  of  an  inch  over  the  lowiQJr.f  that  is,  if  the  binge  be  let 
equally  into  the  door  and  into  the  jamb,  project  a  kttle  be- 
yond the  surface  of  liie  door;  but  if  the  centie  lie  in  the 
surface  of  the  door,  it  must  be  placed  at  the  very  top,  which 
is  seldom  done,  except  when  the  door  is  hung  with  centres. 
Thirdly,  let  the  jamb  on  which  the  door  hangs^  be  fixed 
about  an  eighth  of  an  inch  out  of  the.p^pendicular,  the 
upper  part  inclining  towards  the  Of^osite  jamb;  and 
fonrthlv,  let  the  inclination  of  the  rebate  be  such,  diat  the 
door  shall,  when  shut,  project  at  the  bottom,  townrds  the 
room,  about  an  eighth  of  an  inch. 

These  several  methods,  practised  ou  so  small  a  scale,  are 
not  perceptible ;  but,  nevertheless,  will  throw  the  door, 
when  opened,  to  a  square  sufficiently  out  of  tho  level ;  that 
is,  at  least  half  an  inch,  whra  the  heMit  of  the  door  ii 
double  the  width. 

Several  kinds  of  rising  hinges  have  been  introduced  for 
this  purpose :  some  of  the  best,  constructed  of  braas^  aie  hf 
no  means  objectionable,  even  to  the  best  doors. 


AND  MACHINIST.  591 

Before  we  proceed  to  the  principles  of  hangmg  door^y  we 
•hall  submit  to  the  reader  some  iuformation  on  theaul^ect 
of  hinging  in  general. 

The  placing  of  hinges  depends  entirely  on  the  form  of  the 
joint,  and  as  the  motion  of  the  door  or  closure  is  angular^  and 
performed  roond  a  fixed  line  as  an  axis,  the  hinge  must  be 
so  fixed  that  the  motion  be  not  interrupted :  thus,  if  the  joint 
:^ontain  the  surface  of  two  cylinders,  the  convex  one  in  mo- 
tion upon  the  edges  of  the  closure,  and  sliding  upon  the 
concave  one  which  is  at  rest  on  the  fixed  bodj|r,  the  motion 
of  tl)e  closure  must  be  performed  on  the  axis  of  the  cylin- 
der, which  axis  must  be  the  centre  of  the  hinges.  .In  this 
case,  whether  the  aperture  be  shutor  opei^,  the  joint  will  be 
close ;  but  if  the  joint  be  a  plane  surface,  it  is  necessary  to 
consider  upon  what  side  of  the  aperture  the  motion  is  to  be 
performed,  as  the  hmge  must  be  placed  on  the  side  of  the 
clostrre  where  it  revolves. 

The  hinge  is  made  in  two  parts,  movable  in  any  angular 
direction,  the  one  upon  the  other* 

The  knuckle  of  the  hinge  is  a  portion  contained  under  a 
cylindric  surface,  and  is  common  both  to  the  moving  part 
and  the  part  which  is  at  rest ;  the  cylinders  are  indented  in- 
to  each  other,  and  are  made  hollow  to  Teqeive  a  concentric 
cylindric  pin,  which  pftsset  tbroi^h  theoi^  and  connects  the 
moving  parts  together. 

The  axis  of  the  cylindrical  pin,  is  called  the  axis  of  the 
hinge. 

When  two  or  more  hinges  are  placed  upon  a  closure^  the 
axis  of  the  hinges  must  be  in  the  same  straight  line. 

The  straight  line  in  which  the  axis  of  the  hinges  are  placed 
is  called  the  line  of  hinges^ 

We  shall  now  proceed  to  the  principle  of  hanging  doors, 
shutters,  or  flaps,  with  hinges. 

Th«  centre  of  the  hiug^e  is  generally  put  in  the  middle  of  the  joint,  a* 
at  A,  Fig.  605,  l)ut  in  manj  cases  there  is  a  necessity  for  throwing  back 
the  flap  to  a  certain  distance  from  the  joint ;  in  order  to  eifect  this,  sup- 
pose  the  flap  when  folded  hack»  were  required  to  be  at  a  oertain  distance 
from  the  joint,  as  BA.  Fig.  605,  divide  BAin.two  equal  parts  at  the  point 
C,  and  it  will  give  the  centre  of  the  hinge.  The  centre  of  the  hinge 
must  be  placed  a  small  degree  beyond  the  surface  of  the  closure,  other- 
wsie  it  wUl  a«l  fall  fmly  baek  on  the  jamb,  or  partition.  It  must  also  be 
observed,  tliatv  ,the  t^cotre  of  the  hinge  must  be  on  the  same  side  as  tiie  re- 
bate, or  it  will  not  open  without  the  joint  being  constructed  in  a  particu- 
lar form. 

Tff  hang  twoflapsy  so  that  when  folded  hack,  they  shall  be 
at  a  certain  distance  from  each  other. 

Thii  is  easily  accomplished  by  means  of  hinges  having  knees  projed- 
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inf  to  half  tlMt  diatuwet  m  appeut  frotf  Flf .  007:  this  sort  of  luilM  ii 
litad  in  han^inf:  the  doon  oi  pewt,  ia  order  to  clear  the  moaldiDif  of  tki 
eopiaf .  Fif .  807,  No.  8^  shows  the  same  hinge  opened* 

2b  make  a  ruk  Joint  for  a  tamdow-shutter,  or  other  fold" 
ingAap. 

r^.  000,  No.  1.  Let  a  be  the  pboe  of  the  Joint,  draw  •  c  at  right  an- 
gles  to  the  flap,  shutter,  or  door,  take  c,  in  the  line  a  c,  for  the  centre  of 
the  hinge,  and  the  plain  part  a  6,  as  mar  be  thought  necessary ;  or  c,  with 
m  radius,  c  b,  describe  the  are  A  d;  then  will  a  b  d  be  the  true  joint. 
The  Imockle  oif  the  hinge  is  alwa^  placed  in  the  wood  ;  because  the  fiu^^ 
it  is  inserted,  the  more  of  (^  joint  irill  be  cohered  when  it  is  opened  to  a 
riffht  angle,  as  in  Fig.  006,  Ko.  8 ;  but  if  the  centre  of  the  hinge  were 
puiced  w  least  ¥rithMit  the  thickness  of  the  wood,  it  would  show  an  cpea 
space,  which  would  be  a  blemish. 

Ih  form  the  joints  of  stiles,  to  be  hung  together,  when  the 
knuckle  of  the  hinge  is  placed  on  the  contrary  side  of  the 
rebate* 


Fig.  <K)6.  Let  e  be  the  centre  of  the  hinge,  ss  t  the  joint  on  the  i 
side,  c  6  the  depth  of  the  rebate  in  the  middk  of  the  thickness  of  t^e  styles, 
perpendicular  to  t  m,  and  Ifiht  joint  on  the  other  side,  parallel  to  t »; 
bisect  t  /  at  k^  join  k  e,  on  Ice  describe  a  semicircle  e  ik,  cuttinr  im  at  A, 
through  the  pomts  k  and  A  draw  A  k  g,  cutting//  at^;  then  will/^,  k  si, 
be  the  true  joint. 

Fir.  609  represents  the  common -method  of  hanging  shutters  together, 
the  hinge  being  let  the  whole  of  its  thickness  into  t£e  dintter,  and  not  into 
die  sash-frame.  By  this  mode  it  is  not  so  firmly  hung  as  when  half  of  it 
is  let  into  the  shutter,  andhalf  into  the  sash-frame ;  but  the  liningmay  be 
made  thinner. 

It  may  here  be  proper  to  observe,  that  tbe  centre  of  the 
hinge  must  be  in  tne  same  plane  with  the  face  of  the  shut- 
ter^ or  beyond  it,  bat  not  within  the  thickness. 

How  to  construct  a  Joint  for  hanging  doors  with  centres. 

Fig.  614.  Let  a  d  be  the  thickness  of  the  door,  bisect  it  in  6,  draw  he 
perpendicular  to  •  6,  make  b  e  equal  ta  b  a,  or  b  d*  or  c,  the  centre  of  the 
Jkinge,  with  a  radius  e  a,  or  c  d^  describe  an  arc,  a  ed,  which  will  givt 
the  joint  retraired. 

Another  plan  is  represented  in  Fig.  613.  Draw  a  b  parallel  to  the  jamb, 
meeting  the  other  side  in  6,  make  b  /equal  to  b  a,  and  join  a  d  and  a  c,  bi- 
sect a  c  by  a  perpendicular  ef  meeting  a  d  mf  then  /  is  the  centre  of 
the  hinge. 

Figs.  610,  611,  and  61S,  exhibit  different  metiiods  of  hanging  flaps, 
&c.  These  are  so  very  simple,  that  by  a  little  attention  the  reiraer  wiU 
icadily  perceire  their  uses  and  manner  of  construction.    - 

We  shall  now  detml  the  construction  of  saah-frmmes, 
saahes,  and  shutters^  and  the  manner  of  putting  the  aeveval 
parts  together. 

Fig.  615,  No.  1,  the  elevation ;  No.  9,  the  pUa ;  and  No.  8»  tha  saetioa 
of  the  same;  showing  the  manner  in  idiieh  the  diffnaat  p«ts  ara  aoA- 
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Ko.  1.  A  Bftck.-^B  Flush  skirting,  senarated  from  the  back  by  flush 
reeds,  and  sbowiuff  the  same  depth  of  punth  as  the  blocks  of  the  pilas- 
iers.^C  C  Blocks  or  plinths  to  pilasters.— D  D  Pilasters.— E  E  Patteras. 
<— a  a  aa  Inside  bead  of  sash-frame.-^  h  h  rounded  edge  of  boxinr-stile. 

No.  8.  Plan  df  sash-frame,  shutters,  pilasters,  and  the  different  parts 
are  explained  in  the  figures. 

No.  S.  a  thickness  of  the  pilaster  or  architrate;  b  the  rounded  edge  of 
the  boxing-stile ;  c  the  breadth  of  the  shutter  ;  d  bead  of  the  sash-frame ; 
e  under  sash ;  f  top  ditto ;  g  partinpf  bead ;  h  outside  lining  and  bead. 
t  the  breadth  of  the  reveal  or  outer  bnck-work  ;  k  k  lintels  taade  of  strong 
yellow  deal  or  oak  i  t  the  head  of  the  ground ;  m  the  architrave  or  pilasiS^ 
fixed  upon  the  grounds ;  n  the  soffit,  tongued  into  die  top  of  the  sash-* 
lirame-head  ;  and,  on  the  other  edge,  into  the  head  of  the  architrave  m ; 
o  the  sash-frame  head ;  p  the  elbow ;  q  capping ;  r  sash-frame  cill  >  t  sash-* 
eiU ;  t  stone-cill. 

The  face  of  the  pulley-stile  of  every  sash^^frame  ought  td 
project  about  three-^eighths  of  an  inch  beyond  the  edge  of 
the  brick->  work;  that  is^  the  distance  between  the  face  of  each 
pulley- stile  dught  to  be  lesi^  by  three  quarters  of  an  inch 
than  in  the  clear  of  the  reveals  on  the  outside ;  so  that  the 
fece  of  the  shutters  ought  to  be  in  the  same  plane  with  the 
stone  or  brick-work  on  the  outside. 

Fig.  616  shows  a  plan  of  a  sash-frame  and  shutter  on  the  same  (nrinci-* 
pie  as  the  foregoing,  and  which  may  be  applied  to  a  similar  window. 

As  the  thiclmess  of  the  wall  is  here  conceived  to  be  less  than  in  the  fore- 
going example,  another  back-flap  is  introduced:-- ^the  outside  lining , 
b  the  pulley-stUe ;  e  the  inside  lining  $  d  the  back  lining  \  e/the  weights ; 
ff  parting  slip  of  weights  ;  h  partmg  bead  to  sashes  i  i  inside  befui ;  k 
back  lining  of  boxing ;  /  ground,  or  boxinj^-stile,  grooved  to  receive  the 
plastering;  m front  shutter  hung  to  the  inside  lining,  c,  of  the  sash- 
frame  by  the  hinge  n^  op  back  flups  hinged  together  at  q,  itnd  to  the 
shutter  at  r  ;  s  architrave  or  pilaster. 

Fig.  617*  Is  a  vertical  section  of  the  cill,  Uc*  of  the  same  sash-frame ; 
a  bottom  rail  of  sash ;  b  cill  of  the  sash-frame ;  c  back  of  recess  of  win-* 
dow  ;  d  coping  bead,  or  capping  let  into  the  sash-frame  cill ;  e  inside 
bead,  tongued  on  the  top  of  the  cSl ;  k  outside  lining ;  /space  for  the  top< 
aash  tonm  in  }  g  parting  bead« 

StAlHStf 

This  is  one  of  the  most  important  subjects  connect- 
ed with  a  joiner's  art,  and  should  be"  attentively  consi- 
dered^ not  only  with  regard  to  the  situation,  but  as  to  the 
design  and  execution^  The  convenience  of  the  buildin|f 
depends  on  the  situation  )  and  the  elegance,  on  the  design 
and  execution  of  the  workmanship.  In  contriving  a  grand 
edifice,  particular  attention  must  be  paid  to  the  situation  of 
the  space  occupied  by  the  stairs,  so  as  to  give  them  the 
most  easy  command  of  the  rooms. 

With  regard  to  the  lighting  of  a  good  staircase,  a  sky-^ 
lightj  or  rather  lantern,  is  the  most  appropriate ;  for  theM 
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onlte  e]eg^M^ae  with  utility^  thAt  is,  admit  a  poWterftil  ligbt,  ' 
with  elegtokce  in  ttie  design ;  indeed,  wbere  the  staircase 
does  not  ac^oin  the  exterior  walls,  this  is  the  only  light  that 
can  be  admitt^  Where  the  be^ht  of  a  stoiy  is  consider- 
able, resting  places  are  necessary,  whidi  go  under  the  naae 
ot  quarUr-'pacet,  and  half^pace$^  according  as  the  passenger 
has  to  pass  one  or  two  right-angles ;  that  is,  as  ne  has  to 
describe  a  quadrant  or  semi-cirde.  In  very  high  stories, 
which  admit  of  sufficient  head-room,  and  wnere  the  space 
allowed  for  the  staircase  b  confined,  the  staircase  may 
have  two  revolutions  in  the  haght  of  one  story,  which  wiu 
lessen  the  height  of  the  steps ;  but  in  grand  staircases  only 
one  revolution  can  be  admitted,  the  length  and  breadth  of 
the  space  on  the  plan  being  always  proportioned  to  the 
height  of  the  building,  so  as  to  admit  of  fixed  proportions. 

llie  breadth  of  the  steps  ought  never  to  be  more  than  15 
inches,  or  less  than  nine  ;  the  height  not  more  than  seven, 
or  less  than  five :  there  are  cases,  however,  which  are  ex- 
ceptions to  all  rule.  When  the  height  of  the  story  is  given 
in  feet,  and  the  height  of  the  step  in  inches,  you  may  throw 
the  feet  into  inches,  and  divide  it  by  the  number  of  inches 
the  step  is  high,  and  the  quotient  will  give  the  number  of 
steps. 

It  is  a  general  maxim,  that  the  greater  breadth  of  a  step 
requires  less  height  than  one  of  less  breadth  :  thus,  a  step 
of  12  inches  in  breadth  will  require  a  rise  of  5^  inches,  which 
may  be  taken  as  a  standard,  to  regulate  those  of  other  di- 
mensions. 

Though  it  is  desirable  to  have  some  criterion  as  a  guide  in 
the  arrangement  of  a  design,  yet  workmen  will,  of  course, 
vary  them  as  circumstances  may  require.  Stairs  are  con- 
structed variously',  according  to  the  situation  and  destina- 
tion of  the  building. 

Geometrical  stairs  are  those  which  are  supported  by 
having  one  end  fixed  in  the  wiUI,  and  every  step  in  the  as- 
cent having  an  auxiliary  support  from  that  immediately  be- 
low it,  and  the  lowest  step  from  the  floor. 

Bracket-stairs  are  those  which  have  an  opening  or  well> 
with  strings  and  newels,  and  are  supported  by  landings  and 
carriages ;  the  bi*ackets  are  mitred  to  the  ends  of  each  riser, 
and  are  fixed  to  the  string^board,  which  is  moulded  below 
like  an  architrave. 

Dog-legged  stairs  are  those  which  have  no  opening,  or 
well-hole,  and  have  the  rail  and  balusteis  of  both  the  pro- 
gressive and  returning  flights  felling  in  the  same  vertical 
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planes^  tlie  iCeps  being  tixsd  to  strings^  newels,  and  oar- 
riages,  aad  the  ends  of  the  steps  of  the  inferior  kind  termi- 
nating on^  upon  the  side  of  the  string,  without  any  housing* 
In  taldng  dimensions  and  laying  down  the  plan  and  section 
of  stair-cases,  take  a  rod,  and,  having  ascertained  the  num-? 
ber  of  steps,  mark  the  height  of  the  story,  by  standing  the 
rod  on  the  lower  floor  x  divide  the  rod  into  as  many  equal 
parts  as  there  are  to  be  risers,  then,  if  you  have  a  level  sur- 
face to  work  upon  below  the  stair,  try  each  of  the  risers 
as  yon  go  on,  and  this  will  prevent  any  excess  or  defect ;  for 
any  error,  however  small,  when  multiplied,  becomes  of  con- 
siderable magnitude,  and  even  the  difference  of  an  inch  in 
the  last  riser,  ^11  not  only  have  a  bad  effect  to  the  eye,  but 
will  be  apt  to  eonfuse  persons  not  thinking  of  any  such  ir- 
regularity. In  order  to  try  the  steps  prooerly  by  the  story 
rod,  if  you  have  not  a  level  surface  to  work  from,  the  better 
way  will  be,  to  lay  two  rods  on  boards,  and  level  thdr  top 
sur&ce  to  that  of  the  floor :  place  one  of  these  rods  a  little 
within  the  string,  and  the  other  near  or  close  to  the  wall,  so 
as  to  be  at  rieht  angles  to  the  starting  line  of  the  first  riser, 
or,  which  is  uie  same  thing,  parallel  to  the  plan  of  the  string  i 
set  off  the  breadth  of  the  steps  upon  these  rods,  and  num-^ 
ber  the  risers ;  you  may  set  not  only  the  breadth  of  the 
flyers,  but  that  of  the  winders  also.  In  order  to  try  the 
story^^rod  exactly  to  its  vertical  situation,  mark  the  same 
distances  of  the  risers  upon  the  top  edges,  as  the  distances  of 
the  plan  of  string-board,  and  the  rods  are  from  each  other* 
In  bracket-stairs,  as  the  internal  angle  of  the  steps  Is  open 
to  the  end,  and  not  closed  by  the  string  as  in  common  dog-^ 
legged  stairs,  and  the  neatness  of  workmanship  is  as  much 
r^arded  as  in  geometrical  stairs,  the  balusters  must  be 
neatly  dove-tailea  into  the  ends  of  the  steps,  two  in  every 
step.  The  face  of  each  front  baluster  must  be  in  a  straight 
surface  with  tiie  face  of  the  riser,  and,  as  all  the  balusters 
must  be  ec^ually  divided,  the  face  of  the  middle  baluster 
must  stand  m  the  middle  of  the  face  of  the  riser  of  the  pre- 
ceding step  and  suoceeding  one.  The  risers  and  heads  are 
all  previously  blocked  and  glued  together,  and  when  put  up, 
the  under  side  of  the  step  nailed  or  screwed  into  the  under 
edge  of  the  riser,  and  then  rough  brackets  to  the  rough 
strings,  as  in  dog-l^;ged  stairs,  the  pitching  pieces  and 
rough  strings  being  smiilar.  In  glueing  up  uie  steps,  the 
best  method  is  to  make  a  templet,  so  as  to  fit  the  external 
angle  of  the  steps  with  the  nosing* 
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Hie  Steps  of  geomelTicBl  stain  ought  to  be  oonstnictedso 
as  to  have  a  very  light  and  dean  appearance  when  pnt  up: 
for  this  purpose,  and  to  aid  the  principle  of  sbn^th,  the 
risen  and  treads,  when  planed  np,  ought  not  to  be  less  than 
one  eighth  of  an  inch,  supposing  the  going  of  the  stair, 
or  length  of  the  step,  to  be  four  feet,  and  for  eveiy  six  inches 
in  length,  another  one-eighth  may  be  added.  The  risen 
ought  to  be  dove-tailed  into  the  cover,  and  when  the  steps 
are  put  up,  the  treads  are  screwed  up  from  below  to  the 
under  edge  of  the  risen.  The  holes  for  sinking  the  heads  of 
the  screws  ought  to  be  bored  with  a  centre-bit,  then  fitted 
closelv  in  with  wood,  well  matched,  so  as  entirely  to  con- 
eeal  the  screws,  and  appear  as  one  uniform  surface.  Brack- 
ets are  mitred  to  the  riser^  and  the  nosings  are  continued 
round.  In  this  mode,  however,  there  is  an  apparent  de- 
fect ;  for  the  brackets  instead  of  giving  support,  are  tiiem- 
selves  unsupported,  and  dependent  on  the  steps,^  being  of  no 
other  use,  in  point  of  strength,  than  merely  tying  the  risers 
and  treads  of  the  internal  angles  of  the  steps  together :  and, 
from  the  internal  angles  being  hollow,  or  a  re-entrant  angle, 
except  at  the  ends,  which  terminate  by  the  wall  atone  extre- 
mity, and  by  the  brackets  nt  the  othei^  there  is  a  want  of 
regular  finish.  The  cavetto^or  hollow,  is  carried  round  the 
front  of  the  riser,  and  is  returned  at  the  end,  and  mitred 
round  the  bracket,  and  if  an  open  string,  that  is,-  the  under 
side  of  the  stain  open  to  view,  the  hollow  is  continued  along 
the  angle  of  step  and  riser. 

The  best  plan,  however,  of  constructing  geometrical  stairs 
is,  to  put  up  the  strings,  and  to  mitre  the  brackets  to  the 
risers,  as  usual,  and  enclose  the* soffit  with  lath  and  plaster^ 
which  will  form  an  inclined  plane  under  each  flight,  and  a 
winding  surface  under  the  winden.  In  superior  staircases, 
for  the  best  buildii^s^  the  soffit  may  be  divided  into  panels^ 
If  the  risers  are  made  from  two  inch  planks,  it  will  greatly 
add  to  the  solidity.  The  method  of  drawing  and  executing 
the  scroll,  and  other  wreath  parts  of  the  hand-rail^  will  be 
given  in  a  subsequent  part  of  this  article. 

In  constructing  a  flight  of  geometrical  stain,  where  the 
soffit  is  inclosed  as  above,  the  bearen  should  all  be  frumed 
together,  so  that  when  put  up,  they  will  form  a  perfect 
staircase.  Each  piece  of  frame-work,  which  forms  a  risers 
should,  in  the  partition^  be  well. wedged  at  the  ends.  This 
plan  is  always  advisable  when  strength  and  firmness  are  re- 
quisite^ as  the  steps  and  ri3en  are  entirely  dependent  on  the 
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framed  carriages,  ivhich^  if  carefully  put  together^  will  never 
yield  to  the  greatest  weight. 

Fig.  619  will  show  the  section  of  this  framing  firmly  put  together,  and 
wedged  into  the  partition,  as  above  described. 

In  preparing  the  string  for  the  wreath  part,  a  cylinder 
should  be  made  of  the  size  of  the  well-hole  of  the  stair- 
case, which  can  be  done  at  a  trifling  expense ;  then  set  the 
last  tread  and  riser  of  the  flyers  on  one  side,  and  the  first 
tread  and  riser  of  the  returning  flight  on  the  opposite  side, 
at  their  respective  heights  ;  then  on  the  centre  of  the  curved 
surface  of  this  cylinder,  mark  the  middle  between  the  two, 
and  with  a  thin  slip  of  wood,  bent  round  with  the  ruling 
edge,  cutting  the  two  nosings  of  these  flyers  and  passing 
through  the  intermediate  height  marked  on  the  cylinder, 
draw  a  line,  which  will  give  the  wreath  line  formed  by 
the '  nosings  of  the  winders ;  then  draw  the  whole  of 
the  winders  on  this  line,  by  dividing  it  into  as  many  parts 
as  you  want  risers,  and  each  point  of  division  is  the  nosing 
of  such  winder.  Having  thus  far  proceeded,  and  carefully 
examined  your  heights  and  widths,  so  that  no  error  may 
have  occurred,  prepare  a  veneer  of  the  width  intended 
for  your  string,  and  the  length  given  by  the  cylinder,  and 
after  laying  it  in  its  place  on  the  cylinder,  proceed  to  glue  a 
number  of  blocks  about  an  inch  wide  on  the  back  of  the 
veneer,  with  their  fibres  parallel  to  the  axis  of  the  cylinder. 
When  dry,  this  will  form  the  string  for  the  wreath  part  of 
the  staircase,  to  be  framed  into  the  straight  strings.  It  is 
here  necessary  to  observe,  that  about  five  or  six  inches  of 
the  straight  string  should  be  in  the  same  piece  as  the  circu- 
lar, so  that  the  joints  fall  about  the  middle  of  the  first  and 
last  flyers.  This  precaution  always  avoids  a  cripple,  to 
which  Uie  work  would  otherwise  be  subject. 

Fig.  618,  No.  1,  is  a  plan  of  a  dog-legged  staircase,  a  the  seats  of  th« 
newels,  c  the  seat  of  the  upper  neweL 

No.  2.^  The  elevation  of  the  same. 

AB.  The  newels ;  the  part  AC  being  turned  .-DE  the  upper  newel.— 
FO  the  carriage  piece. — HI  upper  string  board  framed  into  the  newel.— 
K  a  joist  framed  into  the  trimmer. 

To  describe  the  ramps  ;  produce  the  horizontal  part  of  the  knee  to  L, 
and  also  the  under  side  of  the  rail  until  it  meets  the  face  of  the  first  balus- 
ter, at  c,  make  c  d  equal  to  e  D»  and  upon  A  ef,  and  from  the  point  <l,  draw 
theperpendicular  d  L,  and  L  is  the  centre  for  describing  the  ramps  dJ}. 

The  story-rod  o  6  is  a  very  necessary  article  infixing  the  steps ;  for»  if 
a  common  rule  be  used  for  this  pucpose,  the  workmen  will  be  very  liable 
to  err  and  render  the  stairs  extremely  faulty,  which  cannot  take  place  if  the 
story-rod  be  applied  to  every  risen  and  the  successive  risers  be  regulated 
*yit. 
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In  the  ooortnictkHi  of  dog-Vemd  •teircaaes,  die  llnl 
thing  ifly  to  take  the  dimensions  ofthe  stair,  and  the  height 
of  the  story^  and  lay  down  a  plan  and  secUim  upon  a  floor 
to  the  full  size^  representing  all  the  newels  and  steps ;  then 
the  situation  <^  the  carriages,  pitching  pieces,  long  and  cross 
bearers,  as  also  the  string  boards }  the  strings,  raUs,  and 
newels,  being  framed  together,  ihnst  be  fixed  with  temporaiy 
supports.  The  string-board  will  show  the  situation  of  the 
pitchinfi;rpiece8,  which  must  be  put  up  in  order,  wedgii^ 
oneend  nrmly  into  the  wall,  and  fixing  the  other  to  the 
string-board  (  this  being  done,  pitch  up  the  rough  strings, 
and  finish  the  carriage  part  of  the  flyers*  Harang  proceeded 
thus  far,  the  steps  are  next  applied,  beginning  at  the  hot* 
torn  and  working  upwards^  the  riseins  being  all  firmly  nailed 
into  the  treads. 

In  the  best  kind  of  dog-legged  stairs,  the  nosings  are  xe« 
turned ;  sometimes  the  risers  are  mitred  to  the  brackets,  and 
sometimes  mitred  with  quaker  strings,  In  the  latter  case  a 
hollow  is  mitred  round  the  internal  angle  of  the  under  side 
pf  the  tread,  and  the  fiaoe  of  the  riser.  Sometimes  the 
ptring  is  framed  into  the  newel,  and  notched  to  receive  the 
/ends  of  the  steps ;  the  other  end  having  a  corresponding 

fiotch-bo^rd,  and  the  whole  flight  being  put  up  like  a  step^ 
adder. 

Fig.  619,  No.  1  sod  8,  it  a  plan  and  ekvation  of  a  geometrical  stair- 
case. The  loirer  part.  No.  i^  shows  ihe  section  of  the  steps  and  car- 
Hares,  which  sre  framed  together  ay  directed  in  a  former  part  of  this 

The  methods  of  finding  the  different  moulds  necessary  in 
^e  formation  of  the  wreath  part  of  the  ha^d-iail,  will  be 
found  in  the  next  plate.  '  • 

21?  draw  the  fcroll  qf  a  kand-rail. 

Pif .  aSQ.  pir^  make  a  circle  91  inches  in  diameter,  divide  the  diameter 
into  three  equal  parts,  make  a  square  in  ihe  centre  ofthe  circle  equal  to 
flD6  of  those  parts,  and  diride  each  side  of  the  square  into  six  equal  parts. 

Pig.  4^  shows  this  sqnsre  on  a  larsfer  sc^e,  sijd  l^d  in  the  same  position 
as  the  little  square  above,  with  the  mfferen^  centres  sharked.  The  centre 
■t  1  draws  from  a  to  5,  the  centre  at  8  from  ft  to  e,  and  the  centre  at  S 
fnm  e  to  d,  Sie.  which  will  complete  the  outside  revolution  at  A :  set  the 
thickness  of  the  rail  from  e/and  to  #,  draw  the  ins|de  the  rpyerve  way, 
fuid  the  scroll  will  be  completed. 

7b  draw  the  curtail-stept. 

Set  the  balusters  in  their  proper  places  on  each  quarter  of  the  scroll, 
l^f  •  8,  the  first  baluster  showing  the  return  of  the  no^insf  round  the 
ftep^  the  second  placed  at  the  be^nningf  of  the  twist,  and  the  third  a 
quarter  distant,  and  straight  with  the  front  of  the  last  riser ;  then  set  tiie 
projection  of  the  nosing  witiiont,  and  draw  it  round  equally  ^stant  fnm 
fl^  scrollf  which  will  pvf  the  form  of  the  curtail^ 
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As  the  metliod  of  getting  a  scroll  out  of  a  solid  pieoe  of 
wood,  hariBg  the  grain  of  the  wood  to  ran  in  the  same 
direction  with  the  rail,  is  far  preferable  to  any  other  metlK>d 
with  joints,  being  much  stronger  and  more  beautiful  than 
any  other  scroll  with  one  or  two  joints,  we  shall  here  give  the 
method  of  finding  a  face-mould  to  apply  on  the  face  of  the 
plank. 

Place  your  pitch  board imn  with  m n paasinr  throttfjrh  the  eye  of  the 
ATolIt  tmn  draw  ordinate!  acroBS  the  Bcroll  at  discretion,  and  take  the 
leni^th  of  the  line  o  n,  with  its  diviuons,  and  lay  it  on  o  n,  atFigf.  621,  then 
the  ordinate  being  drawn,  take  the  different  oiatanoes  2»,  Sz,4v,  &c. 
and  transfer  them  to  B  y,  3  ^r,  4  9,  &c.  and  the  rest  of  Uie  points  being  taken 
in  the  same  aianner,  a  curre  may  be  traced  which  will  be  the  &ce-mou]d 
required. 

To  find  the  paralkl  thickness  of  the  plank. 

Fig.  08S.  Let  Imn  be  the  pitch  board,  and  let  the  lerel  of  the  scroll 
rise  oae«8izth,  that  is,  diTide  /  m  into  six  equal  parts,  and  the  bottom 
diTision  is  the  top  of  the  level  of  the  scroll :  from  the  end  of  the  pitch 
board,  set  on  m  to  o,  half  tlie  thickness  of  a  baluster,  to  the  inside  ;  then  set« 
from  0  to  p,  half  tbe  width  of  the  rail,  and  draw  the  iorm  of  the  rail  on 
the  end  at  o,  the  point  n  being  where  the  front  of  the  riser  comes,  the 
point  p  win  be  the  projection  of  the  rail  before  it :  draw  a  dotted  line  to 
touch  the  nose  of  the  scroll,  parallel  with  I  n,  then  the  distance  between 
this  dotted  line  and  the  under  tip  of  the  scroll,  will  show  the  exact  thick- 
ness of  plankinff ;  but  there  is  no  occasion  for  the  thickness  to  conce  ouite 
to  the  under  side,  for  if  it  come  to  the  under  side  of  the  hollow  it  wul  be 
snfficient,  as  a  little  bit  glued  under  the  hollow  could  not  be  discemibte, 
and  can  be  no  hurt  to  the  scroll.  In  ordinary  cases,  where  the  tread  ie 
about  11  inehea,  and  rise  6|,  a  scroll  can  be  got  oat  of  a  piece,  about  4| 
inches  thick. 

To  describe  a  section  of  a  hand-rail,  supposing  it  to  be  two 
inches  deep,  and  two  and  a  garter  imches  brwd,  the  usual 
dimensions. 

Fig.  622.  Let  ABCD  be  a  section  of  the  rail,  as  squared ;  on  AB  de- 
scribe  an  equilateral  triangle  AB  a;  from  a,  as  a  centre,  describe  an  are 
to  touch  AB,  and  to  meet  a  A  and  a  B ;  take  the  distance  between  (Jhe 
point  of  section  in  a  A  and  the  point  A,  and  transfer  it  fiom  the  point  oi 
section  to  k,  upon  the  same  line  a  A,  join  BIp  ;  from  Ar,  with  tUe  distance 
between  k  and  the  eml  of  the  arc,  describe  another  arc,  to  meetD  Ap  ;  with 
the  same  distance  describe  a  third  are,  of  eontrarr  cnrrature*  and  inw  a 
vertical  line  to  touch  it ;  which  will  form  one  siae  of  the  section  of  the 
rail,  and  the  counter  part  may  be  formed  by  a  similar  operation. 

The  branch  of  Joinery  that  falls  under  our  next  and  last 
consideration  is  that  of  hand-  railing ;  which  calls  into  action 
all  the  ingenuity  and  skill  of  the  workman.  This  art  con- 
sists in  constructing  hand-rails  by  moulds^  according  to  the 
geometrical  principles,  that  if  a  cylinder  be  cut  in  any  di- 
^^ction,  except  parallel  to  the  axis,  or  base,  the  section  will 
be  an  ellipsis ;  if  cut  parallel  to  the  axis^  a  rectangle ;  and  if 
)>arallel  to  the  base^  a  circle. 
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Now^  suTOKne  a  hollow  cylinder  be  made  to  the  siaeof  Uw 
well-ohol^  of  the  stair-case,  the  interior  concave,  and  the  ex- 
terior convex ;  and  the  cylinder  be  cut  by  any  inqlin^  or 
pbUque  plane,  the  section  formed  will  be  bounded  by  two 
concentric  similar  ellipses ;  consequently,  the  section  will 
be  at  its  greatest  breaqtU  at  each  extremity  of  the  larger 
axis,  and  its  least  breadth  at  each  extremity  of  the  smaller 
axis.  Therefore,  in  any  quarter  of  the  ellipsis  there  will  be 
a  continued  increase  of  breadth  from  the  extremity  of  the- 
lesser  axis  to  that  of  the  greater.  Now  it  is  evident  that  a 
cylinder  can  be  cut  by  a  plane  through  any  three  p6ints ; 
therefore,  supposing  we  have  the  height  of  the  rail  at  any 
three  points  in  the  cylinder,  and  that  we  cut  the  cylinder 
through  these  points,  tb?  section  will  be  a  figure  equal  and 
similar  to  the  face-mould  of  the  rail ;  and  if  the  cylinder  be 
cut  by  another  plane  parallel  to  the  section,  at  such  a  disn 
tance  from  it  as  to  contain  the  thickness  of  the  rail,  this 
portion  of  the  cylinder  will  represent  a  part  of  the  rul  with 
its  vertical  surfaces  already  worked :  and,  again,  if  the  back 
and  lower  surface  of  this  cylindric  portion  be  squared  to 
vertical  lines,  either  on  the  convex  or  concave  side,  through 
two  certain  parallel  lines  drawn  by  a  thin  piece  of  wood 
which  is  bent  on  that  side,  the  portion  of  the  cylinder  thus 
formed,  wiU  |:epresen(;  the  part  of  the  rail  intended  to  be 
pade* 

Though  the  foregoing  only  relates  to  cylindrical  well* 
)ioles,  it  is  equally  applicable  to  rails  erected  on  any  seat 
ivhatever. 

Vhe  fdce-mould  applies  to  the  two  ftices  of  the  plank,  and 
)s  regulated  by  a  line  drawn  on  its  edge,  which  line  is  ver- 
tical when  ^he  plants  is  elevated  to  its  intended  position. 
This  is  also  palled  the  raking-numld. 

The  fallingrmould,  is  a  parallel  piece  of  thin  wood  ap* 
plied  and  bent  to  the  side  of  the  rail-piece,  for  the  purpose 
of  drawing  the  back  and  lower  surface,  which  should  be  so 
formed,  that  every  level  stnught  lin^,  directed  to  the  axis  of 
the  well-hole,  from  every  point  of  the  side  of  the  rail  formed 
by  the  edges  of  the  falling  moyld,  coincide  with  the  surface. 

In  order  to  cut  the  portion  of  rul  required,  put  of  the  least 
possible  thickness  of  ^tuff,  the  plank  is  $o  turned  up  on  one 
of  its  angles,  that  the  upper  surface  i^  no  where  at  right 
angles  to  a  vertical  plane  passing  through  the  chord  of  the 
plane ;  the  plank  in  this  position  is  said  to  be  sprung 

The pUch'board,  is  aright-angled  triangular  board  made 
tP  the  rise  »nH  trt*^  of  the  steo^  one  side  forming  the  yight 
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angle  of  the  width  of  the  tread,  and  the  other  of  the  height 
of  the  riser.  When  there  are  both  winders  and  flyers,  two 
pitch' boards  mnst  be  made  to  their  respective  treads,  but, 
of  course,  of  the  same  height,  as  all  the  steps  rise  the  same. 

The  bevel  by  which  the  edge  of  the  plank  is  reduced 
from  the  right  angle  when  the  plank  is  sprung,  is  termed 
tiie  spring  of  the  planky  and  the  edge  thus  bevcDed  is  called 
the  sprung  edge. 

The  bevel  by  which  the  face  mould  is  regulated  to  each 
side  of  the  plank,  is  called  the  pitch. 

The  formation  of  the  upper  and  lower  surfaces  of  a  rcdl  is 
called  the  falling  of  the  rail;  the  upper  surface  of  the  rail 
is  termed  the  back. 

In  the  construction  of  hand-rails,  it  is  necessary  to  spring 
the  plank,  and  then  to  cut  away  the  superfluous  wood,  as 
directed  by  the  draughts,  formed  by  the  face-mould  ;  which 
may  be  done  by  an  experienced  workman,  so  exactly,  with 
a  saw,  as  to  require  no  further  reduction  ;  and  when  set  in 
its  place,  the  surface  on  both  sides  will  be  vertical  in  all 
parts,  and  in  a  surface  perpendicular  to  the  plan.  In  order 
to  form  the  back  and  lower  surface,  the  falling  mould  is  ap- 
plied to  one  side,  generally  the  convex,  in  such  a  manner, 
that  the  upper  edge  of  the  falling  mould  at  one  end,  coin- 
cides with  the  face  of  the  plank;  and  the  same  in  the 
middle,  and  leaves  so  much  wood  to  be  taken  away  at  the 
other  end  as  will  not  reduce  the  plank  on  the  concave  side ; 
— the  piece  of  wood  to  be  thus  formed  into  the  wreath  or 
twist  being  agreeable  to  their  given  heights. 

In  the  mllowing  figures,  we  have  given  the  method  o. 
finding  the  moulds  necessary  for  constructing  a  hand-rail  on 
a  circular  plan. 

Fi|f.  623,  is  the  plan,  showing  part  of  the  winders,  which  in  this  case 
are  eight,  as  also  the  seat  of  the  joint. 

Fig.  624.  Let  AAA,  &c.  be  the  outside,  and  a  aa,iic.  the  inside  of  the 
plan.  BCD  a  line  passing  through  the  middle  of  the  breadth,  BC  being 
straight,  and  CD  one-fourth  of  the  circumference  of  the  circle,  the  point 
E  in  the  middle  of  the  arc  CD,  B  at  one  extremity  of  the  line  BcED, 
and  D  at  the  other. 

Diride  the  quadrant  CD  into  an^  number  of  equal  parts,  which  in  this 
example  are  four.  Draw  the  straight  line  MN,  and  make  MN  equal  to 
the  developement  of  the  quadrant  AAA,  &c.  on  the  convex  side.  Draw 
MO  perpendicular  to  MN,  and  make  MO  equal  to  the  height  of  a  step ; 
draw  Of  paridlel  to  MN,  and  make  OP  equal  in  length  to  the  width  ot  a 
step,  and  join  PM. 

Draw  n  s  perpendicular  to  MN.  In  N  t  make  N  o  equal  to  the  height 
of  four  of  the  winders,  and  join  o  M  *  cunre  off  the  angle  at  M,  in  the 
manner  shown  below,  by  intersection  of  lines :  Throufifho  draw^y  per- 
pendicular to  M  0,  make  o  «  and  oy  each  equal  to  half  the  width  of  thf 
falling  mouldy  and  draw  the  i^per  and  lower  edges  of  the  mould. 
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Jofii  DE.  Fif .  Hi,  anil  produce  DE  to  P.    Draw  DO  and  EL.  Make 

DO  equal  to  ooe-fouith  (or  any  part  of)  the  heiflit  from  N  to  the  upper 
edfe  of  the  falliur  mouldy  Fi;.  685,  and  £L  eauai  to  one-fourth,  or  the 
tame  party  of  the  heif^ht  from  Q  to  the  upper  ed|^e  of  tiie  faUinjr  mould. 
Join  GL  and  produce  it  to  meet  DE  in  F,  join  the  dotted  line  BF.  Draw 
DC,  throoi^h  ttie  centre  F,  perpendicular  to  BF.  Draw  abtub,  &c.  meet- 
ing  IK.  At  any  conTenient  distance  from  KI  draw  c  d  parallel  to  IK. 
Make  the  perpendicular  of  the  faoe-mould  equal  to  iti  corresponcUng 
heiffht  on  tne  fallings  mould,  and  draw  the  vtraig^ht  line  c  e ;  then  draw 
ordmates  A  6,  A  &,  &c.  continue  them  until  they  meet  e  e,  and  from  the 
points  of  intersection  draw  perpendiculars  to  e  e,  and  set  off  the  distances 
as  shown  hy  corresponding  letters.  Then  hy  tracing  a  curve  through 
these  points  the  ftce  mould  will  be  completed. 

The  top  line  rrr,  &c.  is  left  on  the  railing  mould,  to  regulate  its  posi- 
tion when  bent  upon  the  convex  surface,  as  the  line  rrr,  and  will  fall  into 
the  plane  surface  of  the  top  of  the  plank.  This  line  is  obtained  by  making 
the  perpendiculars  /r,  8  r,  /r,  &c.  equal  to  the  corresponding  perpen* 
dicuiars/6,  /6,  &c.  Fig.  684.  To  find  the  face-mould  of  a  staircasot  so 
that  when  set  to  its  proper  rake  it  wiU  be  perpendicular  to  the  plan  where* 
on  it  stands  for  a  level  landinr. 

Fig.  688.  Draw  the  central  line,  ofr,  parallel  to  the  sides  of  the  rail) 
on  the  right  line  a  h  apply  the  pitch-board  of  a  flyer,  from  6  to  c  draw 
ordinates  it  m,  o  v,  f  r,  1 1,  u  v,  at  discretion,  observing  to  draw  one  from 
the  point  r,  so  Uiat  you  may  obtain  the  same  point  exactly  in  the  fiice- 
mould  ;  then  take  the  parts  which  the  ordinates  give  on  the  line  a  b,  and 
apply  them  at  Fig.  687,  and  take  the  distances  mn^po^  &c.  and  transfer 
them  to  Fig.  687,  and  a  curve  through  these  points  will  be  the  face-mould 
required. 

To  find  the  falling  fnauUL 

Fig.  686.  Divide  the  n3ius  of  the  circle  into  fiimr  equal  parts,  and  set 
three  of  these  parts  from  4  to  a ;  through  jp  y,  the  extremities  of  the 
diameter  of  the  rail,  draw  a  jt  and  a  y,  producing  them  till  they  touch 
the  tanrent  AB ;  then  vrill  AB  be  the  circumference  of  the  semicircle 
M  by,  which  is  applied  from  A  to  B,  Fig.  628,  as  a  base  line.  Make  A  a 
the  height  of  a  step;  draw  the  hypotenuse  a  B,  apply  the  pitch  board 
of  a  flyer  at  a  6  e,  and  B  if  e,  then  curve  off  the  angle  i^  intersection  of 
lines*  and  draw  a  line  parallel  to  it,  for  the  upper  edge  or  the  mould. 
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Prepared  boarding  is  measured  b^  the  foot  superficial ; 
the  following  being  the  di£ferent  distinctions :— edges  shot ; 
edge  shot,  ploughed,  and  toneued ;  wrought  on  one  side, 
and  edges  shot ;  wrought  on  both  sides,  and  edges  shot ; 
wrought  on  both  sides,  ploughed,  and  tongued ;  boards 
keyed  and  clamped,  mortise«clamped,  and  mortise  and 
mitre-clamped.  The  prices  are  regulated  according  to  the 
thickness.  If  the  boards  be  glued,  an  additional  price  per 
foot  is  allowed;  if  tongued,  still  more,  according  to  the 
description  of  tongue.  In  boarded  flooring,  the  dimensions 
are  taken  to  the  extreme  parts,  from  whkn  the  squares  are 
to  be  Qompated.     Dedoctions  for  cUameysy  slanr-caf^ 
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ftc.  are  taken  from  ibiB.  Hie  price  depoDds  on  the  bw* 
face,  whether  wrought  or  plain^  the  manner  of  the  longi- 
tadinal  and  heading-joints,  the  thickness  of  staff,  whether 
the  boards  be  laid  one  after  the  other,  or  folded,  or  whether 
the  floor  be  laid  with  boards,  battens,  or  wainscot.^ 

Skirting,  when  wide,  is  also  measured  by  the  foot  super** 
ficial ;  the  price  depending  upon  the  position,  whether  level, 
raking,  or  ramping,  or  upon  the  manner  of  finishing,  whe- 
ther plain,  torus,  or  rebated,  or  scribed  to  the  floor,  or  to  the 
steps,  or  upon  the  plan,  whether  straight  or  circular. 

Weather-boarding,  is  measured  by  the  square  of  100  su- 
perficial feet. 

Boarded  partitions  are  measured  by  the  square,  from 
which  must  be  deducted  the  doors  and  windows,  except  an 
agreement  be  made  to  the  contrary. 

The  price  of  all  kinds  of  framing  depends  on  the  thick- 
ness, or  whether  the  framing  be  plain  or  moulded  ;  and  if 
moulded,  the  description  of  mouldmg,  whether  struck  on  the 
solid,  or  laid  in,  mitred,  or  scribed ;  as  also  upon  the  num- 
ber of  panels  in  a  given  height  and  breadth,  and  upon  the 
nature  of  the  plan. 

The  different  kinds  of  wainscotting,  as  window  linings, 
door  linings,  back  linings,  partitions,  doors,  shutters,  &c. 
are  all  measured  by  the  superficial  foot. 

Windows  are  in  genertd  valued  by  the  foot  superficial; 
though  sometimes  by  the  window.  When  measured,  the 
dimensions  are  taken  for  height,  from  the  top  of  the  cill  to 
the  under  side  of  the  head,  allowing  seven  inches  for  the 
head  and  ciU ;  and  for  width  in  clear  of  pulley- stiles,  tdlow- 
ing  eight  inches.  The  sash  and  frame  are  either  measured 
together  or  separately. 

Skylights  are  measured  by  the  foot  superficial,  their  price 
depending  on  the  plan  and  elevation.  Framed  grounds  at 
per  foot  run. 

Ledged  doors  by  the  foot  superficial,  dado  by  the  super- 
ficial foot ;  the  price  depending  whether  the  plan  be  straight 
or  circular,  or  the  elevation  level  or  inclined. 

In  measuring  stair-cases,  the  risers,  treads,  and  carriages, 
are  generally  classed  together,  and  measured  by  the  foot  su- 
perficial :  the'price  varying  as  the  steps  are  flyers  or  wind- 
ers, as  the  risers  are  mitred  into  the  string-board,  the  treads 
dove-tailed  for  balusters,  and  the  nosings  returned,  or  whe- 
ther the  bottom  of  the  risers  be  tongued  into  the  treads.  The 
curtail  step  is  generally  valued  as  a  whole.  Returned  nosings 
^t  so  much  each ;  and  if  circular,  double  the  price  of  straight 
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ones,  llbe  brackets  at  so  much  each^  according  io'  the  pat- 
tern, and  whether  straight  or  circular. 

Hand-railing  is  measured  by  the  foot  run,  the  price  de- 
pending on  the  materials,  the  diameter  of  the  well-hole,  or 
whether  ramped,  swan-necked,  level,  circular,  or  wreathed, 
or  whether  made  out  of  the  solid,  or  in  thicknesses.  The 
scroll  is  paid  at  per  piece.  The  joints  at  so  much  each,  and 
three  inches  of  the  straight  part  at  each  end  of  the  wreath 
are  included  in  the  measurement.  Deal  balusters  are  pre- 
pared and  fixed  at  per  piece  ;  as  also  iron  balusters,  iron 
column  to  curtail,  housings  to  steps,  &c.  An  extra  allowance 
is  made  for  the  additional  labour  an  fixing  the  iron  balusters. 

The  price  of  string-board  is  regulated  by  the  foot  super- 
ficial, according  to  the  manner  in  which  it  is  moulded,  whe- 
ther stiuight,  circular,  or  wreathed,  and  the  manner  in 
which  such  string  is  backed.  The  shafts  of  columns  are 
measured  by  the  foot  superficial ;  the  price  depending  upon 
the  diameter,  and  whether  it  be  straignt  or  curved,  or  pro- 
perly glued  and  blocked.  If  the  column  be  fluted  or  reeded, 
the  flutes  or  reeds  are  measured  by  the  foot  run,  their  price 
depending  upon  the  size  of  the  flute  or  reed  The  headings 
of  flutes  and  reeds  are  at  so  much  each.  Pilasters,  straight 
or  curved,  in  the  height,  are  measured  in  the  same  way,  and 
the  price  taken  per  foot  superficial  in  the  caps  and  bases  if 
pilasters ;  besides  the  mouldings,  the  mitres  must  be  so 
much  each,  according  to  the  size. 

Mouldings  are  valued  by  the  foot  run,  as  double-faced  ar- 
chitraves, base  and  surbase.  The  head  of  an  architrave  in 
a  circular  wall,  is  four  times  the  price  of  the  perpendicular 
parts,  not  only  on  account  of  the  time  required  to  form  the 
mouldings  to  the  circular  plan,  but  on  account  of  the  greater 
difficulty  of  forming  the  mitres. 

All  horizontal  mouldings,  circular  upon  plan,  are  three  or 
four  times  the  price  of  those  on  a  straight  plan ;  being 
changed  more,  as  the  .radius  of  the  circle  is  less :  housings  to 
mouldings  are  valued  at  so  much  each,  according  to  the  size. 

The  price  per  superficial  foot  of  mouldings  is  r^ulated  by 
the  number  of  quirks,  for  each  of  which  an  addition  is  made 
to  the  foot. 

The  price  of  mouldings  depends  also  upon  the  materials 
of  which  they  are  made,  and  upon  their  running  figure,  whe- 
ther curved  or  raking. 

In  grooving,  the  stops  are  paid  over  and  above,  and  so 
much  more  must  be  allowed  for  all  grooves  wrought  by 
band,  i)articularly  in  the  parts  adjoining  the  concourse  of 
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nn  angle :  circular  grooving  must  be  paid  still  more.  Water 
trunks  are  measured  by  the  foot  ran ;  the  rate  depending 
upon  the  side  of  their  square :  the  hopper-heads  and  shoes 
are  valued  at  so  much  eacb^  as  also  are  the  moulded  weather 
caps,  and  the  joints.  Scaffolding,  &c.  used  in  fixing,  is 
charged  extra. 

Flooring-boards  are  prepared,  that  is,  planed,  gauged,  and 
rebated  to  a  thickness  at  so  much  each,  the  price  depending- 
upon  the  length  of  each  board ;  if  more  than  nine  inches 
broad,  the  rate  is  increased  according  to  the  additional 
width  ;  each  board  listing  at  so  much  per  list. 

The  following  is  a  classification  of  such  articles  in  joinery 
as  are  usually  rated  at  so  much  each. 

Brackets  to  stairs. 

Curtail  step. 

Clamp-iinitres  • 

Mitres  of  pilasters  according*  to 
their  size. 

Mitres  of  cornices. 

Heading's  to  flutes  and  reeds. 

Hopper-heads  and  shoes  to  water- 
trunks. 

Joints  to  water-trunks. 

Preparing  flooring-boards  and  bat- 
tens. 

Fixing  locks  and  fastenings,  per 
article. 

Hole  in  seat  of  water-closet. 

Patteras. 


Trusses. 

Cantalivers. 

Rule-joints. 

Out  brackets  for  shelves. 

Housings  in  general. 

Housings  to  steps. 

Cuttings  to  standards. 

£Ibow  csrppings. 

Returned  dioiimednoabigs  to  steps. 

Caps  to  hand-rails. 

Scroll  of  hand-rails. 

Making  and  fixing  joists  of  hand- 
rails with  joinf-screws. 

Fixing  iron  columns  in  curtails. 

Fixing  iron  baluster,  and  prepar- 
ing mould. 

Preparmg  and  fixing  deal  balusters. 

Articles  at  per  foot  running,  or  lineaL 


Sinking  to  shelres. 

Moulddl  raisings  of  panels. 

All  raised  panels  in  the  extremity 
of  the  raising  to  be  charged  ex- 
tra. 

Capping  to  wainscot. 

Level  circnlar  string-boards  to 
stairs. 

Hand-rails. 

Newels  to  stairs. 

Moulded  planiers  in  sUurff. 

Sinking  in  rail  for  iron  rail  or  ba- 
lusters. 

Water-tnmks  and  spouts. 

Skirting  and  door-grounds. 

Beads  or  fillets. 


Fillets  mitred  on  panels, 

Sqnare  or  beaded  angle -staff,  re- 
bated. 

Mouldings. 

Single  cornice. 

Single  faced  architrave. 

Pilasters  under  four  inches  wide. 

Boxings  to  windows. 

Ornamental  grooving. 

Narrow  liningB. 

Legs,  rails,  and  runners  of  dret» 
sers. 

Border  to  hearth. 

Base-moulding. 


Surbase-moulding. 
Narrow  skirting. 

Articles  at  per  foot  superficicd. 

Deals  planedf  ploughed,  tongued,      Skirting. 

'  beaded,  glued,  ami  clamped.  Sash-fratnet  and  sashes* 
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Sk/%htg.  8tf  pi  and  ris«§  to  ttoin,  iockidiDg 

ISack,  elbov»  soffits.  carriagM. 

Shutters.  Cradling. 

Framed  or  plain  back-linings,  Duuble-faced  architraves. 

Diior-Unings,  jambs.  Mouldings  wrought  by  hand,  if 

Wainscotting*  large. 

Dado.  Shafts  of  columnt* 

Partitions, 


PLASTERING. 

The  Plasterer  is  a  workman  to  whom  the  decorative  part 
of.  architecture  owes  a  considerable  portion  of  its  effect^  and 
whose  art  is  requisite  in  every  kind  of  building. 

The  tools  of  the  plasterer  consist  of  a  spade  or  shovel  of 
the  usual  description ;  a  rake,  with  two  or  three  prongs, 
bent  downwards  from  the  line  of  the  handle,  for  mixing  the 
hair  and  mortar  together ;  trowels  of  various  kinds  and 
sizes;  stopping  and  picking-out  tools;  rules  called  ^/rat^A/- 
edges;  and  wood  models. 

The  trowels  used  by  plasterers  are  more  neatly  made  than 
tools  of  the  same  name  used  by  other  artificers.  The  lay- 
tng  and  s^noothing  tool  consists  of  a  flat  piece  of  hardened 
iron,  about  ten  inches  in  length,  and  two  inches  and  a  half 
wide,  very  thin,  and  ground  to  a  semicircular  shape  at  one 
end,  but  left  square  at  the  other;  and  at  the  back  of  the  plate, 
near  the  square  end,  is  rivetted  a  small  iron  rod  with  two 
legs,  one  of  which  is  fixed  to  the  plate,  and  the  other  to  a 
round  wooden  handle.  With  this  tool  all  the  first  coats  of 
plaster  is  laid  on,  as  are  also  the  last,  or,  as  it  is  technically 
termed,  the  setting,  llie  other  kinds  of  trowels  are  made 
of  three  or  four  sizes,  for  gauging  the  fine  stuff  and  plaster, 
used  in  forming  cornices,  mouldings,  &c.  The  longest  size 
of  these  is  about  seven  inches  on  the  plate,  which  is  of  po- 
lished steel,  about  two  inches  and  three  quarters  broad  at 
the  heel,  diverging  gradually  to  a  point.  To  the  heel  or 
broad  end  a  handle  is  adapted. 

The  stopping  and  picking-out  tools  are  made  of  polished 
steel,  of  different  sizes,  though  most  ^erally  about  seven 
or  eiffht  inches  in  length,  and  half  an  mch  in  breadth,  flat- 
tened at  both  ends,  and  ground  solnewhat  round,  llese 
tools  are  uied  in  modelling  and  finishing  mitres  and  re- 
turns to  cornices ;  as  likewise  in  filling*up  and  perfecting 
the  ornaments  at  the  joinings. 

The  straight'-ed^es  are  for  keeping  the  work  in  an  even^ 
or  perpendicular  kne;  and  the  models  or  moulds  are  for  run- 
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Qing  plain  mouldinga,  oornlces^  &c.)  of  these  latter  the 
plasterer  requires  a  mat  number  as  very  little  of  his  finish-^ 
ing  can  be  done  without  them. 

Experienced  workmen  keep  their  tools  veiy  clean^  and 
have  them  duly  polished  by  the  hawk-boys. 

Plasterers  have  technical  divisions  of  their  work^  by  which 
its  quality  is  designated^  and  value  ascertained ;  as^  lathing ; 
laying ;  pricking-up ;  lathing,  laying,  and  set ;  lathing,  float- 
ing, and  set;  screed,  set  or  putty;  rendering  and  set,  or 
rendering,  floated,  and  set ;  trowelled  stucco,  &c. ;  each  of 
which,  hei-eafter,  we  shall  very  minutely  explain. 

In  all  the  operations  of  plastering,  lime  extensively 
abounds ;  we  shall,  therefore,  first  offer  some  obseiTations 
on  the  properties  of  this  important  article. 

All  who  have  written  on  the  subject  of  lime,  as  a  cement, 
have  endeavoured  to  ascertain  what  is  the  due  proportion 
of  sand  for  making  the  most  perfect  cement ;  but  with  a 
little  attention  it  is  evident,  that  all  prescribed  rules  must 
be  so  very  vague  and  uncertain,  as  to  be  of  little  utility  to 
the  workman,  for,  besides  the  variation  which  is  occasioned 
by  a  more  or  less  degree  of  calcination,  it  is  a  certain  fact, 
that  some  kinds  of  lime-stone  are  much  more  pure,  and 
contain  a  much  smaller  proportion  of  sand  than  others ; 
consequently,  it  would  be  absurd  to  say,  that  pure  lime 
requires  as  small  a  proportion  of  sand,  when  made  into 
mortar,  as  that  which  originally  contained  in  itself  a  large 
proportion. 

The  variation  thus  produced,  in  regard  to  the  proportion 
of  sand,  is  found  to  be  extremely  great.  It  is,  however, 
stated,  that  the  best  mortar  whi<£  has  come  under  exa- 
mination, was  formed  of  eleven  parts  of  sand  to  one  of 
lime :  to  which  was  added,  by  measure,  between  twice  and 
thrice  its  own  bulk  of  sand,  which  may  be  allowed  to  have 
been  at  least  three  times  its  quantity  by  weight.  Supposing, 
therefore,  that  every  particle  of  the  lime  had  been  so  per- 
fectly calcined  as  to  be  in  a  caustic  state,  there  could  not  be 
less  than  forty-seven  parts  of  sand  to  one  of  lime ;  but  it 
is  hard  to  suppose,  that  above  one  hundredth  part  of  this 
mass,  independent  of  the  water,  consisted  of  pure  caustic 
calcareous  earth. 

From  these  considerations  it  is  conceived,  that  it  is  im- 
possible to  prescribe  any  determinate  proportion  of  sand  to 
lime,  as  that  must  vary  according  to  the  nature  of  the  lime, 
and  other  incidental  circumstances,  which  would  form  an 
iniinity  of  exceptions  to  any  general  rule.    But  it  would 
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seem,  that  it  might  be  safely  inferred,  that  the  modema  m 
general  rather  err  in  giving  too  little,  than  in  giving  too 
mach  sand.  It  deserves,  however,  to  be  noticed,  that  the 
sand,  when  naturally  in  the  lime-stone,  is  more  intimately 
blended  with  the  lime,  than  can  possibly  be  ever  effected  by 
any  mechanical  operation  ;  so  that  it  would  be  in  vain  to 
hope  to  make  equaUy  good  mortar  artificially  from  pure 
lime,  with  so  small  a  proportion  of  caustic  calcareous  mat^ 
ter,  as  may  sometimes  be  effected  when  the  lime  naturally 
eontains  a  very  large  proportion  of  sand.  Still,  however, 
there  seems  to  be  no  doubt,  that  if  a  much  larger  propor- 
tion of  sand  than  is  common  were  employed,  and  that  more 
carefully  and  expeditiously  blended  and' worked,  the  mortar 
would  be  made  much  more  perfect,  as  has  been  proved  by 
actual  experiments. 

Another  circumstance,  which  greatly  tends  to  vaiy  the 
quality  of  cement,  and  to  make  a  greater  or  smaller  pro- 
portion of  sand  necessary,  is,  the  mode  of  preparing  the 
lime  before  it  is  beaten  up  into  mortar.  When  for  plaster, 
it  is  of  great  importance  to  have  every  partide  of  the  lime- 
stone slaked  before  worked-up,  for,  as  smoothness  of  sur-^ 
&ce  is  the  most  material  point,  if  any  particles  of  lime  be 
beaten-up  before  sufficiently  slaked,  the  water  still  continu- 
ing to  act  on  them,  will  cause  them  to  expand,  which  will 
produce  those  excrescences  on  the  surface  of  the  plaster^ 
termed  blisters.  Consequently,  in  order  to  obtain  a  perfect 
kind  of  plaster,  it  is  absolutely  necessary  that  the  lime^ 
before  being  worked,  be  allowed  to  remain  a  considerable 
time  macerating  or  souring  in  water :  the  same  sortof  pro«> 
cess,  though  not  absolutely  required,  would  considerably 
improve  the  lime  intended  for  mortar.  Great  care  is  re« 
quired  in  the  mani^ement ;  the  principal  thing  being  the 

Erocuring  of  well'-bumt  lime,  and  allowing  no  more  lime^ 
efore  worked,  than  is  just  sufficient  to  macerate  or  sour  it 
with  the  water :  the  best  burnt  lime  will  require  the  ma<- 
ceration  of  some  days. 

It  has  been  almost  universally  admitted,  that  the  hardest 
lime -stone  affords  the  lime  which  will  consolidate  into  the 
firmest  cement ;  hence,  it  is  generally  concluded,  that  lime 
made  of  chalk  produces  a  much  weaker  cement  than  that 
made  of  marble,  or  lime-stone.  It  would  seem,  however, 
that,  if  ever  this  be  the  case,  it  is  only  incidentally,  and  not 
necessarily.  In  the  making  of  mortar,  other  substances  are 
occasionally  mixed  with  lime,  which  we  shall  here  proceed 
to  notice,  and  endeavour  to  point  out  their  excellencies  and 
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defects*  Those  ootnmonly  nsed^  besidies  sand  of  Taricnu 
denominations,  are  powdered  sand-stone,  brick-'dDst,  and 
sca-sbells :  and  for  forming,  plaster,  irhere  closeness  rather 
than  hardness  is  required,  lime  which  has  been  slaked  and 
kept  in  a  dry  place  till  it  has  become  nearly,  effete,  and 
powdered  chisUc,  or  whiting,  and  gypsum,  in  various  pro- 
portions>  besides  hair  and  o&er  materials  of  a  similar  nature. 
Other  ingredients  have  been  more  lately  recommended,  such 
as  eacthy  balls,  slightlv  burnt  and  pounded,  old  mortar 
rubbish,  powdered  and  sifted,  and  various  things  of  the 
like  kind,  the  whole  of  whidi  are,  in  some  respect  or  other^ 
objecticmable. 

rkater  of  Paris  is  employed  by  the  plasterer  to  |;ive  tht 
requisite  form  and  finish  to  aU  the  superior  parts  of  his  work. 

It  is  made  of  a  fossile  stone,  called  gypsum,  which  is  ex- 
cavated in '  sevaral  parts  of  the  neighbourhood  of  Paris, 
whence  it  derives  its  name,  and  is  calcined  to  apowder,  to 
deprive  it  of  its  water  of  crystallization.  The  best  i» 
Montmartre. 

The  stones  are  burnt  in  kilns,  which  are  generally  of  very 
simple  construction,  being  not  lufrequently  built  of  the 
gypsum  itself.  The  pieces  to  be  calcined  are  loosely  put 
together  in  a  parallelopiped  heap,  below  which  are  vaulted 
pipes  or  flues,  for  the  application  of  a  moderate  heat. 

The  calcination  must  not  be  carried  to  excess ;  as  other- 
wise the  plaster  will  not  form  a  solid  mass  when  mixed  with 
a.  certain  portion  of  water.  During  the  process  of  calcina- 
tion, the  water  of  crystallization  rises  as  white  vapour, 
which,  if  the  ait*nosphere  be  dry,  is  quickly  dissolved  in  air. 

The  pounding  of  the  calcined  fragments  is  performed 
sometimes  in  mills  constructed  for  the  purpose,  and  some- 
times by  men,  whose  hc^aJth  is  much  impaired  by  the  par- 
ticles of  dust  settling  upon  their  lungs. 

OjQ  the  river  Wol^,  in  Russia,  where  the  burning  of  gyp- 
sum constitutes  one  of  the  chief  occupations  of  the  pea- 
santry, all  kinds  of  gypsum  are  burnt  promiscuously  on 
grates  made  of  wood ;  afterwards  the  plaster  is  reduced  to 
powder,  passed  trough  a  sieve,  and  finally  formed  into 
small  round  cakes,  which  are  sold  at  so  much  per  thousand. 

.These  balls  are  reduced  into  an  impalpable  powder  by 
the  plasterer,  and  then  mixed  with  mortar.  The  less  the 
gypsum  is  mixed  with  other  substances,  the  better  it  is 
qualified  for  the  purpose  of  making  casts,  stucco,  &c.  The 
sparry  gypsum,  or  selenite,  which  is  the  purer  kind,  is  em<- 
ployed  for  taking  impressions  from  coins  and  medals,  and 
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for  rnddiig  thoBO  beaotiful  imitations  of  marble,  granite, 
and  porphyry,  known  by  the  name  of  seagUola,  miich  b 
derived  firom  the  Italian  word,  magU. 

Kndy  powdered  alabaster,  or  {daster  of  Paris,  when 
heated  in  a  crucible,  assnmes  the  appearance  of  a  fluid,  by 
rolling  in  wayes,  yielding  to  the  toucn,  steaming,  &c.  all  of 
which  properties  it  again  loses  on  the  departure  of  the 
heat :  it  taken  from  the  crucible  and  thrown  upon  paper,  it 
will  not  wet  it ;  but  immediately  be  as  motionless  as  it  was 
before  exposed  to  the  heat. 

Two  or  three  spoonfuls  of  burnt  alabaster  mixed  up  thin 
with  water,  will,  at  the  bottom  of  a  vessel  filled  with  wat^;» 
coagulate  into  a  hard  lump,  notwithstanding  the  water 
that  surrounds  it.  The  coagulating  or  setting  property 
of  burnt  alabaster  will  be  very  much  impair^,  or  lost, 
if  the  powder  be  kept  for  any  considerable  time,  and 
more  especially  in  the  open  ahr.  When  it  has  been  imce 
tempered  with  water,  and  suffered  to  grow  hard,  it  cannot 
be  rendered  of  any  farther  use. 

Plaster  of  Paria^  diluted  with  w4ter  into  the  consistoice  of 
a.  soft  or  thin  paste,  quickly  sets,  or  grows  firm,  and  at  the 
instant  of  its  setting,  has  its  bmk  increased.  Tliis  expansive 
property,  in  passing  fix>m  a  soft  to  a  firm  state,  is  one  of  its 
valuable  properties;  rendering  it  an  excellent  matter  for 
filling  cavities  in  sundry  works,  where  other  earthy  mix- 
tures would  shrink  and  leave  vacuities,  or  entirely  separate 
from  the  adjoining  parts.  It  is  also  probalde  that  this  ex- 
pansion of  the  plaster  might  be  made  to  contdbute  to  the 
elegance  of  the  mipressions  it  receives  firom  medals,  &c.  by 
properly  confining  it  when  soft,  so  that,  at  its  expansion,  it 
would  be  forced  into  the  minutest  traces  of  the  figures. 

A  plaster  of  a  coarser  description,  made  of  a  bludsh 
stone,  much  like  that  of  which  Dutch  terras  are  made, 
is  sometimes  used  in  this  country,  for  floors  in  gentlemen^ 
houses,  and  for  corn-granaries.  This  stone,  when  burnt 
after  the  manner  of  lime,  assumes  a  white  appearance,  but 
does  not  ferment  on  being  mixed  with  water  i  when  cold,  it 
is  reduced  to  a  fine  powder.  About  a  bushel  of  this  powder 
is  put  into  a  tub,  and  water  is  applied  till  it  becomes  liquid. 
In  this  state  it  is  well  stirred  with  a  stick,  and  used  ina- 
mediately ;  for  in  less  than  a  quarter  of  an  hour  it  becomes 
hard  and  useless,  as  it  will  not  allow  of  being  mixed  a 
second  time. 

'    Other  cements  are  used  by  plasterers  for  inside  work. 
The  first  is  called  lime  and  hair,  or  coaru  sh^^  and  is  pre-^ 
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pared  as  comaum  morlar,  with  the  addition  of  hair  from 
the  tan-yards.  The  mortar  is  first  mixed  urith  a  requisite 
quantity  of  sand^  and  the  hair  is  afterwards  worked  in  by 
the  aj^licataon  of  arake^  i 

Next  to  this  is  fiM  nfuffy  which  is  merely  pure  lime, 
slaked  first  with  a  snail  quantity  of  water,  and  afterwards, 
without  any  extraneous  addition,  supersaturated  with  water, 
and  put  into  a  tub  in  a  half  fluid  state,  where  it  is  allowed  to 
remain  till  the  water  is  evaporated.  In  some  particular  cases, 
a  small  portion  of  hair  is  incorporated.  When  this  fine 
stufi*  is  used  for  inside  walls,  it  is  mixed  with  very  fine 
washed  sand,  in  the  proportion  of  one  part  sand  to  three 
parts  of  fine.stuff,  and  is  then  called  trowelled  or  bastard 
stuccoy  with  which  all  walls  intended  to  be  pdnted  are 
finished. 

The  cement  called  gam^e  stnff^  consists  of  three-fifths  of 
fine  stuff,  and  one-fifth  plaster  of  Paris,  mbced  together  <nth 
water,  in  small  quantities  at  a  time,  to  render  it  more  ready 
to  set.  Hiis  composition  is  mostly  used  in  forming  cor- 
nices and  mouldings  run  mth  a  wooden  mould.  When 
great  expedition  ia  required,  plasterers  gauge  all  their  mor- 
tars with  plaster  of  Paris,  which  sets  immediately. 

The*tecim]cal  ^visions  of  {riasterer's  work  shall  now  claim 
our  attrition. 

Lathings  the  first  operation,  consists  in  nailing  laths  on  the 
ceiling,  or  partition.  If  the  laths  be  of  oak,  they  will  require 
wrought  iron  nails ;  but  if  of  deal,  nails  made  of  cast  iron 
may  be  used.  Those  mostly  used  in  London  are  of  fir,  im- 
ported from  America  and  the  Baltic,  in  pieces  called  staves. 
Laths  are  made  in  three  foot  and  four  foot  lengths :  and 
with  respect  to  their  thickness  and  strength,  are  either  sin- 
gle, lath  and  half,  or  double.  The  single  are  the  thinnest 
and  cheapest ;  those  called  lath  and  halfy  are  supposed  to  be 
one  third  thicker  than  the  single  ;  and  the  double  laths  are 
twioe  that  thickness.  In  lathing  ceilings,  the  plasterer 
should  uee  both  the  lengths  alluded  to,  and  in  nailing  them 
up,  should  so  dispose  them,  that  the  joints  be  as  much 
broken  as  possible,  that  they  may  have  the  stronger  key  or 
tie,  and  thereby  strengthen  the  plastering  with  which  they 
are  to  be  covered.  The  thinnest  laths  are  used  in  partitions, 
and  tiie  strongest  for  ceilings. 

Laths  are  idso  distinguished  into  heart  and  sap  laths :  the 
former  should  always  be  used  in  plain  tiling ;  the  latter, 
which  are  of  inferior  quality,  are  most  firequently  used  by 
the  pla^erer. 
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Laths  should  be  as  evenly  split  as  possible.  Tliose  thai 
are  very  crooked  should  not  oe  used,  or  the  crooked  part 
should  be  cut  out ;  and' such  as  have  a  short  coocavity  oc 
the  one  side,  and  a  convexity  on  the  other,  not  very  pro- 
minent, should  be  placed  with  the  concave  sides  outwards. 

The  following  is  the  method  of  rending  or  splitting  laths. 
The  lath-cleavers  having  cut  their  timber  into  the  required 
lengths,  cleave  each  piece  with  wedges,  into  eight,  twelve^ 
or  sixteen  pieces,  according  to  th^  scandiug  of  the  timber, 
called  bolts)  and  then,  with  dowl-axes,  in  the  direction  of 
the  felt-grain,  termed  felting,  into  sizes  for  the  breadth  of 
the  laths ;  and,  lastly,  with  tne  chit,  clear  them  into  thick- 
nesses by  the  quarter  grain. 

Having  nailed  the  laths  in  their  appropriate  order,  the 
plasterer's  next  business  is  to  cover  them  with  plaster^ 
the  most  simple  imd  common  operation  of  which,  is  fay- 
ing  ;  that  is,  spreading  a  single  coat  of  lime  and  hair  over 
the  whole  ceiling,  or  partition ;  carefully  observing  to  keep 
it  smooth  and  even  in  every  direction.  This  is  the  cheapest 
kind  of  plastering. 

Pricking  up  is  performed  in  the  same  manner  as  the  fore- 
going; but  is  (mlya  prdiminar^to  a  more  perfect  kind 
of  work.  After  the  piaster  is  laid  on,  it  is  crossed  all  over 
with  the  end  of  a  lath,  to  give  it  a  tie  or  key  to  the  coat 
which  is  afterwards  to  be  laid  upon  it. 

Lathing,  laying ,  and  set,  or  what  is  termed  lath  and  plas-^ 
ter,  one  coat  and  set,  is,  when  the  work,  after  being  lathed, 
is  covered  with  one  coat  of  lime  and  hair,  and  afterwards, 
when  sufficiently  dry,  a  thin  and  smooth  coat  spread  over  it, 
consisting  of  lime  only,  or,  as  the  workmen  oeJI  it,  putty , 
or  set.  This  coat  is  spread  with  a  smoothing-trowel,  used 
)  Jby  the  workman  with  his  right  hand,  while  his  left  hand 
moves  a  large  flat  brush,  of  hc^'s  bristles,  dipped  in  water, 
backwards  and  forwards  over  it,  and  thus  produoes  a  sur* 
face  tolerably  even  for  cheap  work. 

L/at king,  floating,  and  set,  or  lath  and  plaster,  -one  c&at, 
floated  and  set,  difiers  from  the  foregoing,  in  having  the  first 
coat  pricked  up  to  receive  the  set,  which  is  here  called  the 
floating.  In  doing  this,  the  plastemr  is  provided  with  a 
substantial  straight  edge,  frequently  from  ten  to  tvrelve  feet 
in  length,  which  must  be  used  by  two  workmen.  All  the 
parts  to  be  floated  are  tried  by  a  plumb-line,  to  ascertain 
whether  they  be  perfectly  flat  and  level,  and  whenever  any 
defiqiency  appears,  the  hollow  is  filled  up  with  a  trowel  ful! 
or  more  of  lime  and  hair  only,  which  is  tennedfliUng  out. 
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.  and  when  these  preliminaries  are  settled,  the  screeds  are  next 
formed.  Hietermtcr^tfidsi^ifiesastyleof  limeandhair^abont 
seven  or  ei^ht  inches  in  Mddth,  g&v^d  quite  tme,  by  draw- 
ing the  straight  ed|;e  over  it  nntil  it  be  so.  These  screeds 
are  made  at  the  distance  of  about  three  or  four  feet  from 
each  otiier,  in  a  vertical  direction^  all  round  the  partitions 
and  walls  of  a  room.  When  all  are  formed,  the  intervals. 
are  filled  up  with  lime  and  hair,  called  by  the  workmen, 
sh^y  till  flush  with  the  face  of  the  screeds.  The  straight 
edge  is  then  worthed  horizontally  on  the  screeds,  by  which 
all  the  superfluous  stuff,  projecting  beyond  them  in  the  in- 
tervals is  removed,  and  a  plain  surmce  produced.  This 
operation  is  termedjloittingy  and  may  be  applied  to  ceilings 
as  well  as  to  partitions,  or  upright  walls,  by  first  forming 
the  screeds  in  the  direction  of  the  breadth  of  the  apartment, 
and  filling  up  the  intervals  as  above  described.  As  great 
care  is  requisite  to  render  the  plaster  sound  and  even,  none 
but  skilful  workmen  should  be  employed. 

The  set  to  floated-*woi*k  is  performed  in  a  mode  similar  to  ^ 
that  already  prescribed  for  laying ;  but  being  employed  V 
only  for  best  rooms,  is  done  with  more  care.  About  one- 
sixth  of  plaster  of  Paris  is  added  to  it,  to  make  it  set  more 
expeditiously,  to  give  it  a  closer-  and  more  compact  ap- 
pearance, and  to  render  it  more  firm  and  better  calculated 
to  receive  the  white- wash  or  colour  when  dry.  For  floated 
stucco-work  the  pricking  up  coat  cannot  be  too  dry ;  but,  if 
the  floating  which  is  to  receive  the  setting  coat  be  too  dry^ 
before  the  set  is  laid  on,  there  will  be  danger  of  its  peeling 
ofi^,  or  of  assuming  the  appearance  of  little  cracks,  or  shells, 
wbieb  would  disfigure  the  work.  Particular  tare  and  at- 
tention therefore  must  be  paid  to  have  the  under  coats  in  a 
proper  state  of  dryness.  It  may  here  be  observed,  that 
craclffi,  and  other  unpleasant  appearances  in  ceilings,  are 
more  frequently  the  effect  of  weak  laths  being  covert  with 
too  much  plaster,  or  too  little  plaster  upon  strong  laths, 
rather  Uian  of  any  sagging  or  other  inadequacy  in  the  tim- 

^  bers,  or  the  building.  If  the  laths  be  properly  attended  to, 
and  the  plaster  laid  on  by  a  carefiil  and  judicious  workman, 
no  cracks  or  other  blemishes  are  likely  to  appear. 
•  llie  next  operation  combines  both  the  foregoing  pro- 
cesses, but  requires  no  lathing ;  it  is  called  rendering  and  set, 
or  renderings  floaiedy  and  set.  What  is  understoibd  by 
rendering,  is  the  covering  of  a  brick  or  stone  wall  with  a 
coat  of  lime  and  hair,  and  by  set  is  denoted  a  superficial 
coat  of  fine  stuff  or  putty  upon  the  rendering.    Hese  ope«  4 
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nitkMM  are  similw  to  thoie  described  for  setting  of  c^lg» 
and  partitioiis ;  and  the  Jloaied  and  set  is  laid  on  tbe  ran- 
derinff  in  the  same  manner  as  on  tbe  partitions^  &c.  already 
explained,  for  the  best  kind  of  work. 

TramdUd  Mtueco,  whidi  is  arery  neat  kind  of  work,  usea 
in  dining-rooms,  haUs,  &c.  where  the  walls  are  prepaied  to 
be  painted,  mnst  be  woiked  nnon  a  floated  groond,  and  the 
floating  be  quite  dry  before  the  stocoo  is  applied.  In  this 
process  the  plasterer  is  provided  with  a  woodCen  tool,  cdkd 
mftoai^  consisting  of  a  jiiece  of  half  inch  deal,  about  nine 
inches  long  and  three  wide,  jplaned  smooth,  with  its  lower 
edges  a  little  rounded  off,  and  haying  a  handle  on  the  upper 
surfisqe.  The  stucco  is  prepared  as  above  described,  and 
afterwards  well  beaten  and  tempered  with  dear  water. 
The  ground  intended  to  be  stuccoed  is  first  prepared  mtb 
the  kirge  trowel,  and  is  made  as  smooth  and  kvel  as  poa^ 
sible ;  when  the  stucco  has  been  spread  upon  it  to  the  extent 
of  four  or  five  feet  square,  tbe  workman,  with  a  float  in  hia 
right  hand  and  a  brush  in  his  left,  sprinkles  with  water,  and 
rws  alternately  the  free  of  tbe  stucco,  till  tbe  whc^  is  re-* 
duced  to  a  fine  even  surface.  He  then  prepares  another 
square  of  the  ground,  and  proceeds  as  before^  tiU  the  whole 
is  completed.  Tbe  water  has  tbe  effect  of  hardening  the 
face  of  the  stucco.  When  the  floating  is  well  perfbrined,  it 
will  feel  as  smooth  as  glass. 

Bough  castmgf  or  rough  wdttmg^  is  an  exterior  finishings 
much  cheaper  than  stucco,  and,  therefore,  more  frequently 
employed  on  cottages,  farm<*hoos6B,  &c.  than  on  buikliaga 
of  a  higher  class.  The  wall  intended  to  be  roughHsast^  ia 
first  pricked-up  with  a  coat  of  lime  and  hair ;  and  when 
this  is  tolerably  dry,  a  second  coat  is  kud  en,  of  the  sane 
materials  as  the  first,  as  smooth  as  it  can  pos^ly  be  spseed* 
As  fast  as  the  workman  finishes  this  surface^  he  is  foUowed 
by  another  with  a  pail-full  of  rough-cast,  with  urtiicb  he 
bespatteris  the  new  pkstering,  and  the  whole  dries  togeth^'. 
Tbe  rongb-cast  is  composed  of  fine  graifel,  washed  from  all 
earthy  particles,  and  mixed  with  pure  lime  and  water  till 
the  whole  is  of  a  semi-flukl  consistency.  This  is  thrown 
from  tbe  pail  upon  tbe  wall  with  a  wooden  float,  about  five 
or  six  inches  long,  and  as  many  wide,  made  of  half-inch 
deal,  and  fitted  with  a  round  deal  handle.  While,  udth  ibis 
tool,  tbe  plasterer,  throvrs  on  the  rottgh*cast  with  his  right 
band,  he  holds  in  his  left  a  common  whitewashers'  bnuh, 
dipped  in  the  rou^^-cast  also,  with  which  he  brushes  and 
polours  the  mortar  and  ^  lough-cast  he  has  akcady  spread. 
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to  pw  theaiy  whco  finMiec^  a  r^oleu*  QDifemi  coldut  and 

Cornices^  arc  eilber  plain  or  omaoitated,  and  som^mct 
embrace  a  pcrtion  of  both  ckstes*  The  fint  point  to  be 
attended  to  is,  to  exambe  the  drawings,  and  meatare  the 
projections  of  the  principal  meo^rs,  which,  if  profaning 
oaore  than  seven  or  eight  inches,  mnst  be  bradcetted.  This 
consists  in  fixiog  up  pieces  of  wood,  at  the  distance  of  about 
ten  or  twelve  inches  from  each  other,  all  round  the  place 
proposed  for  the  comicei  and  nailing  faidis  to  them,  covering 
the  whole  with  a  coat  of  plaster.  In  the  brackets,  the  stuff 
necessary  to  form  the  coroibes  must  be  flowed,  which  in 
general  is  about  one  inch  and  a  quarter.  A  beech  mould  is 
neatt  made  by  the  carpenter,  of  the  profile  of  the  intended 
cornice,  about  a  quarter  of  an  inch  in  thickness,  with  the 
quirks,  or  small  sinkings,  of  brass  or  copper.  All  the  sharp 
'Mges  are  carefully  removed  by  the  plasterer,  who  opens 
wiUi  his  knife  all  the  points  which  he  finds  incompetent  to 
receive  the  plaster  freely. 

These  pteliminaries  being  aiigusted,  two  workmen,  pro* 
inded  with  a  tub  of  putty  and  a  quantity  of  plaster  of  Fkris, 
proceed  to  run  th*e  cornice.  Before  using  the  mould,  they 
gauge  a  screed  of  putty  and  plaster  upon  the  wall  and  cdU 
ing,  coving  so  much  of  each  as  will  correspond  with  the 
top  and  bottom  of  the  intended  cornice.  On  this  screed 
one  or  two  slight  deal  straight-edges,  adapted  to  as  many 
notohes  or  chases  made  in  the  mould  for  it  to  work  upon, 
are  nailed.  The  putty  is  then  mixed  with  about  one-third 
of  plaster  of  Pftris,  and  brought  to  a  semi-fluid  state  by  the 
addition  of  dean  water.  One  of  the  workmen,  with  two  or 
three  trowels-foll  of  this  composition  upon  his  haw&j  which 
he  holds  in  his  left  band,  begins  to  plaster  over  the  surface 
intended  for  the  cornice,  with  his  trowel,  while  his  partner 
^plies  the  mould  to  ascertain  when  more  or  less  is  wanted. 
'  When  a  sufficient  quantity  of  plaster  is  laid  on,  the  workmen 
holds  his  mould  firmly  against  toth  the  ceiling  and  the  wall^  and 
moves  it  backwards  aiid  forwards,  which  removes  the  super- 
fluous stuff,  and  leaves  an  exact  impression  of  the  mould 
tt))Oo  the  plaster.  This  is  not  effecteo  at  once;  for  while  he 
works  the  mould  backwards  and  forwards,  the  other  work* 
man  takes  notice  of  any  deficiences,  and  fills  them  up  by 
adding  fresh  supplies  of  plaster.  In  this  manner  a  cornice 
from  ten  to  twelve  feet  in  length  may  be  formed  in  a  very 
abort  time ;  indeed,  expedition  is  essentially  requisite,  as  the 
pfattter  of  Paris  occasions  a  yery.gr^  tendency  in  the  potty 
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to  set,  to  pre? ent  wiiidi,  it  is  neeeum  to  sprinkle  the  com- 
position  frequently  with  water,  as  plasterers,  in  order  to 
secaretbe  trath  and  correctness  of  the  cornice^  generally. 
endcAvonr  to  finish  all  the  lengths,  or  pieces,  between  any 
two  breaks  or  projections,  at  one  time.  In  cornices  which 
hare  very  lai^  proportions,  and  in  cases  where  any  of  the 
orders  of  ardiitectnre.  are  to  be  introduced,  thiee  or  fonr 
moulds  are  required,  and  are  similarly  applied,  till  all  the 
parts  are  formed.  Internal  and  external  mitres,  and  small 
returns,  or  breaks,  are  afterwards  modelled  and  filled  up  by 
hand. 

Cornices  to  be  enriched  with  ornaments,  have  certain  in- 
dentations, or  sinkings,  left  in  the  mould  in  which  the  casts 
are  laid.  These  ornaments  were  formerly  made  by  hand ; 
but  now  are  cast  in  plaster  of  PariSj^  from  clay  models. 
When  the  clay  model  is  finished,  and  has,  by  exposure  to 
the  action  of  the  atmosphere,  acquired  some  degree  of  firm«> 
ness,  it  is  |et  into  a  wooden  frame,  and  when  it  has  been 
retouched  and  finished,  the  frame  is  filled  with  melted  wnx, 
which,  when  cold,  is,  by  turning  the  frame  upside  down, 
allowed  to  fall  ofi^,  being  an  exact  cameo,  or  counterpart,  of 
the  model.  By  these  means,  the  most  enriched  and  curi** 
ously  wrought  mouldings  may  be  cast  by  the  common  plas- 
terer. These  wax  models  are  contrived  to  cast  about  a  (bot 
in  length  of  the  ornament  at  once ;  such  lengths  being  most 
easily  got  out  from  the  cameo.  The  casts  are  made  of  the 
finest  and  purest  plaster  of  Paris,  saturated  with  water ;  and 
the  wax  mould  is  oiled  previously  to  its  l>eing  put  in.  When 
the  casts,  or  intaglios,  are  first  taken  from  the  mould,  they 
are  not  very  firm ;  but  being  suffered  to  dry  a  little,  either 
in  the  opec  air  or  an  oven,  they  acquire  sufficient  hardness 
to  allow  of  being  scraped  and  cleaned. 

Basso-relievos  and  friezes  are  executed  in  a  similar  man- 
ner, only  the  wax  mould  is  so  made,  that  the  cast  can  have 
a  back-ground  at  least  half  an  inch  thick  of  plaster^^cast  to 
the  ornament  or  figure,  in  order  to  strengthen  aud  secure 
the  proportions,  at  the  same  time  that  it  promotes  the  ge- 
neral effect. 

The  process  for  capitals  to  columns  is  also  the  same,  ex- 
cept that  numerous  moulds  are  required  to  complete  them. 
In  the  CoriDtbian  capital  a  shaft  or  belt  is  first  made,  on 
which  is  afterwards  fixed  the  foliage  and  volutes  |  the  whole 
of  which  require  distinct  cameos. 

In  running  cornices  which  are  to  be  enriched,  the  plas- 
terer takes  care  to  have  proper  prcgections  in  the  nmning-t 
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mooldt  80  M  to  make  a  groove  in  the  cornice,  for  the  recep- 
tion of  the  cast  oroatnent,  which  is  laid  in  and  eecnred  by 
spreading  a  small  quantity  of  liquid  plaster  of  Paris  on  its 
hick.  Detached  ornaments  intended  for  ceilings  or  other 
parts,  and  where  no  running  mould  has  been  employed,  are 
cast  in  pieces  corresponding  with  the  design,  and  fixed  upon 
the  ceiling,  &c,  with  white-lead,  or  with  the  composition 
known  by  the  name  of  irm-cemmt. 

The  manufacture  of  stucco  has,  for  a  long  time  past,  at- 
tracted the  attention  of  all  connect^  with  this  branch  of 
building,  as  well  as  chemists  and  other  individuals ;  but  the 
only  benefit  resulting  from  such  investigation  is,  a  more  ex- 
tensive knowledge  of  the  materials  used.  It  would  seem, 
that  the  great  moisture  of  our  climate  prevents  its  being 
brought  to  any  high  degree  df  perfection;  though,  among 
the  various  compositions  which  have  been  tried  and  pro- 
posed, some,  comparatively  speaking,  are  excellent. 

Common  stucco,  used  for  external  work,  consists  of  clean 
washed  Thames  sand  and  ground  Dorking  lime,  which  are 
mixed  dry,  in  the  proportion  of  three  of  the  latter  to  one  of 
the  former :  when  well  incorporated  together,  these  should 
be  secured  from  the  air  in  casks  till  required  for  use.  Walls 
to  be  covered  with  this  composition,  must  first  be  prepared, 
by  raking  the  mortar  from  the  joints,  and  picking  the  bricks 
or  stones,  till  the  whole  is  indented:  the  dust  and  other 
extraneous  matter  must  then  be  brushed  off,  and  the  wall 
well  saturated  with  clean  water.  The  stucco  is  supersatu* 
rated  with  water,  till  it  has  the  appearance  and  consistence 
of  ordinary  white-wash,  in  which  state  it  is  rubbed  over  the 
wall  with  a  flat  brush  of  hogs'  bristles.  When  this  process, 
oilled  roughing  in^  has  been  performed,  and  the  work  has 
become  tolerably  dry  and  hard,  which  may  be  known  by  its 
being  more  white  and  transparent,  the  screeds  are  to  be 
forn^  upon  the  wall  with  fresh  stucco  from  the  cask,  tem- 
pered with  water  to  a  proper  consistency,  and  spread  on  the 
upper-part  of  the  wall,  about  eight  or  nine  inches  wide ;  as  ^ 
also  against  the  two  ends,  beginning  at  the  top  and  proceeding 
downwards  to  the  bottom.  In  this  operation,  two  workmen 
are  required  $  one  to  supply  the  stucco,  the  other  to  apply 
the  plumb-rule  and  straight-edge.  When  these  are  truly 
formed,  other  screeds  must  be  made  in  a  vertical  direction, 
about  four  or  five  feet  apart,  unless  apertures  in  the  wall 
prevent  it,  in  which  case,  they  must  be  formed  as  near  toge- 
ther as  possible.  When  the  scrceding  i»  finished,  coropo  is 
prepared  in  larger  quantities^  and  both  the  workmen  spread 
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Jt  with  thdr  trowdt  over  the  wall  in  the  apeoe  left  between 
etch  pair  of  acreedf.  When  thia  operation  ia  coiDplete,  the 
atraigbt^edge  it  applied^  and  dragged  from  the  top  to  the 
bottom  of  each  pear,  to  rlMDOTe  whatever  anperAoona  ctncco 
may  project  above  the  acreeda.  If  there  be  any  bcdiow 
plaoea,  freah  atnceo  ia  applied^aiid  the  atraight*edge  ia  again 
drawn  orer  tlie  apot,  tin  the  compo  ia  brengfat  even  to  the 
fiiceof  the  screeds,  and  the  whole  ia  level  witib  the  edge  of  the 
mle.  Another  interval  ia  then  filled  np^  and  ^the  workmen 
thns  proceed  till  the  whole  of  the  wdl  ia  oovcred*  The 
wall  18  finished  by  floating,  tbatia,  hardenin|[  theaorftce, 
by  sprinkling  it  with  water,  and  mbbbg  it  with  the  com- 
mon  wood-float,  which  is  performed  aimilarly  to  trowelling 
atocco. 

This  description  of  compo  is  frequently  naed  by  plas- 
terers for  cornices  and  mouldings,  in  the  aame  manner  as 
described  in  common  plastering ;  bat  if  the  workman  finds 
it  necessary,  be  may  add  a  small  qnaoti^  of  plaster  of  Paris, 
to  make  it  fix  the  better  while  mnning  or  working  the 
mould.  Such  addition  is  not,  however,  caloolated  to  give 
atreogth  to  the  stucco,  and  ia  only  made  through  the  neoes- 
sitv  of  having  a  quick  set. 

In  the  year  1796^  Mn  Parker  obtained  a  patentfor  a  cement 
that  is  impervious  to  water,  and  which  may  be  aoooeaafolly 
employed  in  ice- bouses,  cisterns,  tanks,  &c.  In  his  speci- 
fication Mr.  Parker,  states,  tbat  **  nodulea  of  clay,  or  argil- 
laceous stone,  generally  contain  water  in  their  centre,  sur- 
rounded l^  calcareous  crystals,  having  veins  of  calcareous 
matter.  They  are  formed  in  clay,  and  are  of  a  brown 
colour  like  the  clay.'*  These  nodules  he  directs  should,  after 
being  broken  into  small  pieces  and  burnt  in  a  kiln,  with  a  beat 
that  is  nearly  sufficient  to  vitrify  them,  be  reduced  to  jiow- 
der :  when  two  measures  of  water  added  to  five  of  this 

Cwder,  will  pkoduce  tarras.  Lime  and  other  matters  may 
added  or  withheld  at  pleasure  ^  and  the  proportion  of 
water  may  be  varied. 

The  term  of  the  patent  bdng  now  expired,  many  other 
manufactories  of  this  cement  have  been  established,  which 
produce  it  of  equal  eoodoess,  and  some  of  them  of  rather 
better  colour,  which  is  of  importance,  since  the  fresco- 
painting  or  white«wash,  laid  on  Mr.  Parker's  composition,  is 
soon  taken  oflf  by  the  rain,  and  leaves  the  walls  of  a  dingy 
and  unpleasant  appearance. 

The  fresco-painting,  or  staining,  is  lud  on  the  walls  co- 
vered with  this  cement,  to  give  them  the  appearauoe  of 
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•tone  buUdingft ;  and  ia  performed  by  diluting  enli^haric  eeid, 
(oil  o/viiriol,)  with  waler^  and  adding  flaii^octkrea^  &c.  of 
the  required  tint* 

When  atncco  is  washed  over  with  this  mtxtore,  the  affinity 
existing  in  the  iron  of  the  cement  ceases ;  and  the  acid  and 
colour  suspended  in  and  upon  the  stucco  are  fixed.  When 
dexterously  managed,  the  surface  aasumes  the  appearance 
of  an  ashlar  bond  of  masonry. 

Scagliola  is  a  distinct  branch  of  pkstering,  discovered  or 
invented,  and  much  used  in  Italy,  and  thence  introduced 
into  France,  where  it.  obtained  its  name :  the  late  Mr.  H. 
Holland,  who  introduced  it  into  England  engaged  artists 
from  Paris,  some  of  whom,  finding  a  demand  for  their  labour, 
remained  in  this  country,  and  instructed  the  natives  in 
the  art 

Columns  and  pilasters  are  executed  in  this  branch  of 
plastering  in  the  following  manner:  A  wooden  cradle, 
composed  of  thin  strips  of  deal,  or  other  wood,  is  made  to 
represent  the  column  designed ;  but  about  two  inches  and  a 
half  less  in  diameter  than  the  shaft  is  intended  to  be  when 
finished.  This  cradle  is  lathed  iXHind,  as  for  common  plas- 
tering, and  then  covered  with  a  ^pricking  up  coat  of  lime 
and  hair.  When  this  is  quite  dry,  the  artists  in  scagliola 
commence  operations,  by  imitations  qf  the  most  rave  and 
ptecioos  marbles,  with  astonishing  and  delusive  efiect;  in- 
deed, as  the  imitation  takes  as  high  a  polish,  and  feels 
as  cold  and  hard  as  the  most  compact  and  solid  marble, 
nothing  short  of  actual  fracture  can  possibly  discover  the 
connterfeit,  ^ 

In  preparmg  the  scagliola,  the  workman  selects,  breaks, 
and  calcines  the  purest  gypsum,  and  as  soon  as  the  largest 
fragments,  in  the  process  of  calcination,  lose  their  brilliancy, 
withdraws  the  fire,  and  passes  the  calcined  powder  through 
a  very  fine  sieve,,  and  mixes  it,  as  required  for  use,  with  a 
solution  of  glue,  isinglass,  &c.  In  this  solution  the  colours 
required  in  the  marble  to  be  imitated  are  diffused;  but 
when  the  work  is  to  be  of  various  colours,  each  colour  is 
prepared  separately,  and  afterwards  mingled  and  combined, 
nearly  in  the  same  manner  as  a  painter  mixes  on  bis  palette 
the  primitive  colours  to  compose  bis  different  tints. 

When  the  powdered  gypsum  is  prepared,  it  is  laid  on  the, 
shaft  of  the  intended  column,  over  the  pricked*  up  coat  of 
lime  and  hair,  and  is  then  floated  with  moulds  of  wood, 
made  to  the  requisite  size :  the  artist  uses  the  colours  neces- 
sary for  the  imitation  during  the  floating,  by  which  meaiis 
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Ihej  miogle  and  incorporate  with  tlie  sorfiice.  To  obtun 
tlie  fflotsy  lostre,  so  moch  admired  in  works  of  marble,  the 
workman  mbs  the  work  witli  one  liand  with  a  pnmtce-stone, 
while  with  the  other  he  deans  it  with  a  wet  sponge :  he 
next  polishes  it  with  tripoli,  diarcoal^  and  a  pieee  of  fine 
linen ;  afterwunds  with  a  piece  of  felt  dipped  in  a  mixtare 
of  oil  and  tripoli,  and  finally  completes  the  work  by  the  ap- 
plication of  pure  oil.  Tins  imitation  is,  certainly,  the  most 
complete  that  can  be  conceived ;  and  when  the  bases  and 
capitals  are  made  of  real  marble,  as  is  the  common  practice, 
tlie  deception  is  beyond  discovery.  If  not  exposed  to  the 
weather,  it  is,  in  point  of  durability,  little  inferior  to  real 
marble,  retains  its  lostre  full  as  long,  and  is  not  one-eighth 
of  the  expense  of  the  cheapest  kind. 

There  is  another  species  of  plastering,  used  in  the  deco- 
rative parts  of  architecture,  and  for  the  frames  of  pictures, 
looking-glasses,  &c  which  is  a  perfiectly  distinct  branch  of 
the  art.  This  composition,  which  is  very  strong,  and,  when 
quite  dryy  of  a  brownish  colour,  consists  of  the  proportion 
of  two  pounds  of  powdered  whiting,  one  pound  of  glue  in 
solution,  and  half  a  pound  of  linseed  oil,  mixed  toother, 
and  heated  in  a  copper,  and  stirred  with  a  spatula,  ull  the 
whole  is  incorporated.  When  cool,  it  is  laid  upon  a  stone, 
covered  with  powdered  whitings  and  beaten  tip,  it  assumes  a 
tough  and  firm  consistence;  after  which  it  is  covered  with 
wet  cloths,  to  keep  it  fresh«  till  required  for  use* 

The  ornaments  to  be  cast  in  this  composition,  are  mo- 
delled in  clay,  as  ip  common  plastering,  and  iiterwards  a 
cameo,  or  mould,  is  carved  in  box-wwd.  This  carving 
requires  to  be  done  with  the  utmost  care,  otherwise  the 
symmetry  of  the  ornament  which  is  to  be  cast  from  it  will 
be  spoiled.  The  composition,  when  required  for  use,  is  cut 
with  a  knife  into  pieces  of  the  requisite  size,  and  forced 
into  the  mould ;  after  which  it  is  put  into  a  press,  worked 
by  an  iron  screw,  and  still  further  compressed.  When 
the  mould  is  taken  from  the  press,  the  composition,  which 
is  generally  cast  about  a  foot  in  length,  is  dislodged  from  the 
mould,  and  the  superfluous  parts  pared  o£f  with  a  knife^  and 
cast  iQto  the  copper  for  the  next  supply. 

The  ornaments  thus  formed,  are  glued  upon  wooden,  or 
other  grounds,  or  fixed  by  means  of  white  lead,  &c. ;  after 
which  they  are  painted  or  gilt,  according  to  the  purposes  for 
which  they  are  intended.  This  composition  is  at  least  80 
per  cent,  cheaper  than  carving,  and,  in  most  cases,  equally 
calculated  to  apswer  ail  the  purposes  of  the  art. 
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It  is  much  to  be  wished^  that  the  art  of  plastering  could 
be  restored  to  its  ancient  perfection ;  for  the  Romans  pos- 
sessed an  art  of  rendering  worlcs  of  this  kind  much  more 
firm  and  durable  than  can  be  accomplbhed  at  the  present 
time. 

The  specimens  of  ancient  Roman  plastering  still  visible, 
which  have  not  been  injured  by  force,  are  found  to  be  firm 
and  solid,  free  from  cracks  or  crevices,  and  as  smooth  and 
polished  on  the  surface  as  when  first  applied.  The  sides 
and  bottoms  of  the  Roman  aqueducts  were  lined  with  this 
plastering,  and  endured  many  ages. 

At  Venice,  some  of  the  roofs  of  houses,  and  the  floors  of 
rooms,  are  covered  with  a  sort  of  plaster  of  later  date,  and 
yet  strong  enough  to  endure  the  sun  and  weather  for  several 
ages,  without  either  cracking  or  spoiling. 

The  method  of  making  the  Venetian  composition  is  not 
known  in  England  ;  but  such  might  probably  be  made  by  heat- 
ing the  powder  of  gypsum  over  afire,  and  when  boiling,  which 
it  will  do  withouttheaidof  water,  or  other  flilid,  mixing  it  with 
resin,  or  pitch,  or  both  together,  with  common  sulphur,  and 
the  powder  of  sea-shells.  If  these  be  mixed  together,  water 
added  to  it,  and  the  composition  kept  on  thefiretillthe  instant 
of  its  being  used,  it  is  not  improbable  that  the  secret  may  be 
discovered.  Oil  of  turpentine  and  wax,  which  are  the  com- 
mon ingredients  in  such  cements  as  are  accounted  firmest, 
may  also  be  tried  as  additions;  as  also  may  strong  ale  wort, 
which  is  by  some  directed  to  be  used  instead  of  water,  to 
make  mortar  of  lime-^tcAie  of  more  than  ordinary  strength. 


SLATING. 

This  branch  of  building,  which  is  principally  employed  in 
the  covering  of  rooft,  is  not  unfrequently  combined  with 
that  of  plastering.  The  slates  chidly  used  in  London  are 
brought  from  the  quarries  at  Bangor,  in  Caernarvonshire, 
which  supply  all  parts  of  the  United  Kingdom.  Another 
kind  of  slate,  of  a  pale  blue-green  colour,  is  used,  and  most 
esteemed,  being  brought  from  Kendal,  in  Westmoreland, 
callad  fTestmoreland  slates.  These  slates  are  not  large; 
but  of  good  substance,  and  well  calculated  to  give  a^  neat 
appearance  to  a  roof.  The  Scottish  slate,  which  assimilates 
ID  size  and  quality  to  a  slate  from  Wales,  called  ladies^  is  ia 
little  repute. 
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flktent^liM  the  Webb  slates  in  tlie  fiiUovring  Order: 

Ft.  Im       Ft.  In. 

DoubUSf       ateragetiae,  1    1  bj  O    6 

JjaOiw,  i  13  —  08 

Coantesses,    ■  1    8  —  0  10 

Duchesses,     — —  2    0  —  10. 

WelshrafS'  8    0  —  80 

Queens,  ■  8    0  —  8   0 

Imperials,  ■  .  ■■  8    6  —  8    0 

Patent  slate, 8    6  —  80 

The  doubles^  are  made  from  fragments  of  the  larger  kinds, 
and  derive  their  name  from  their  diminutive  size.  Ladies 
are  similarly  obtained.  Countesses  are  a  gradation  above 
ladies ;  and  duchesses  above  countesses. 

Slate,  like  OKist  other  stony  substances,  is  separated  from 
its  bed  by  the  ignition  of  gunpowder.  The  blocks,  thus 
obtained,  are»  by  the  application  of  wedges,  redueed  into 
layers,  called  scantKngs,  from  four  to  nine  inches  in  thick- 
ness,  and  of  any  required  length  and  breadth,  which  are 
afterwards  sawn  to  the  respective  sizes  by  nmchinery.  The 
blue,  green,  and  purple,  or  darker  kinds  of  slate,  are,  in 
general,  found  capable  of  being  split  into  very  thin  laminae, 
or  sheets ;  but  those  of  the  white  or  brownish  free-stone 
kind,  can  seldom  be  separated,  or  divkied  so  fine;  conse- 
quently, these  last  form  heavy,  strong,  thick  coverings,  pro- 
per for  buildings  in  exposed  situations,  such  as  bams,  staoka, 
and  other  out-nouses. 

The  instruments  used  in  spIitUng  and  cleaning  slates  ar^ 
slate-knives,  axes,  bars,  and  wedges;  the  three  first  bdng 
used  to  reduce  the  slates  into  the  required  thicknesses,  and 
the  last  to  remove  the  inequalities  from  the  surface. 

Imperial  slating  is  particularly  neat,  and  may  be  known 
by  having  its  lower  edge  sawn ;  whereas  all  other  slates 
nsed  for  covering  are  chipped  square  on  their  edges  only. 

Patent  slate  was  first  brought  into  «se  by  Mn  Wyatt,  the 
architect ;  but  a  patent  was  never  obtained.  It  derives  its 
name  from  the  mode  adopted  to  lay  it  on  roofe ;  it  may  be 
laid  on  a  rafter  of  much  less  elevation  than  any  other,  and 
is  coYisiderably  lighter,  by  reason  of  the  laps  being  less  than 
is  necessary  for  the  common  sort  of  slatmg.  This  slatinf 
was  originally  made  from  fFelshrags;  but  is  now  ver} 
frequently  made  from  Imperials,  which  render  it  lighter,  and 
also  somewhat  neater  in  appearance. 

fTestmoreland  slate,  from  the  experiments  made  by  the  late 
Bishop  of  LandafT,  appears  to  differ  little  in  its  natural  com- 
position from  that  obtained  from  Wales.    It  mus^  however 
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be  remarked,  thai  thb  kind  of  slate  owes  its  UghtDess,  not 
so  moch  to  any  diversity  in  the  component  parts  of  the 
aton^  as  to  tbe  thinness  to  which  it  is  reduced  by  the  work- 
men; consequently,  it  is  not  so  well  calculated  to  resist 
violent  winds  as  those  which  are  heavier. 

Slates,  when  brought  from  the  quarry,  are  not  sufficiently 
square  for  the  slater^  use ;  he  therefore  picks  up  and  exa- 
mines the  slates  separately,  and  observes  which  is  the 
strongest  and  squarest  end ;  then,  seating  himself,  he  holds 
the  slate  a  little  slanting  upon,  and  projecting  about  an  inch 
over,  tbe  edge  of  a  small  block  of  wood,  which  is  of  the 
same  height  as  his  seat,  and  cuts  a>vay  and  makes  straight 
one  of  its  edges;  then,  with  a  slip  of  wood,  he  gauges,  and 
cuts  off  the  other  edge  parallel  to  it,  and  squares  tbe  end. 
The  slate  is  now  considered  prepared  for  use,  with  the 
exception  of  perforating  through  its  opposite  ends  two  small 
boles,  for  the  reception  of  the  nails  which  are  to  confine  it 
to  tbe  rQof»  Copper  and  zinc  nails,  or  iron  nails  tinned,  are 
considered  tbe  beat,  being  less  susceptible  of  oxidation  than 
lutils  noade  of  bar  iron. 

Before  we  proceed  further  with  the  operations  necessary 
in  the  slating  of  building,  we  shall  give  some  account  of  the 
tools  used  by  this  class  of  artificers. 
,.  Slaters'  tools  are  very  few,  which  sometimes  are  found  by 
tbe  masters,  and  sometimes  by  the  men.  The  tool  called 
the  saixe,  is  made  of  tempered  iron,  about  sixteen  inches  in 
length,  and  two  inches  iu  width,  somewhat  bent  at  one  end, 
with  a  handle  of  wood  at  the  odier.  Hiis  tool  is  not  unlike 
a  large  knife,  except  that  it  has  on  its  back  a  projecting  piece 
of  iron,  about  three  inches  in  lengtli,  drawn  to  a  sharp 
point  This  tool  is  used  to  chip  or  cut  all  the  slates  to  the 
required  sizes. 

The  ripper  is  also  of  ir<m,  about  the  same  length  as  the 
saixe ;  it  has  a  very  thin  blade,  about  an  inch  and  three- 
quarters  wide,  tapered  somewluat  towards  the  top,  where  a 
round  head  projects  over  the  blade  about  half  an  inch  on 
each  side :  it  has  also  two  little  round  notches  in  the  two 
internal  angles  at  their  intersections.  The  handle  of  this 
tool  is  raised  above  the  bkde  by  a  shoulder,  which  enables 
the  workman  to  hold  it  firm.  This  instrument  is  used  in 
repairing  old  slating,  and  the  application  consists  in  thrust- 
ing tbe  blade  under  the  slates,  so  that  the  head,  which  pro- 
iects,  may  catch  the  nail  in  the  little  notch  at  its  intersec- 
^on,  and  enable  the  workman  to  draw  it  out.    During  this 
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operation  the  slate  is  sufficiently  loosened  to  allow  of  its 
being  removed,  and  another  inserted  in  its  place. 
.  The  hammer,  which  is  somewhat  different  in  shape  to  the 
ordinary  tool  of  that  name^  is  about  five  inches  m  heig^ht 
on  the  hammer,  or  driving  part,  and  the  top  is  bent  back,  and 
ground  to  a  tolerably  sharp  point,  its  lower  or  flat  end, 
which  is  quite  round,  bein?  about  three-quarters  of  an  inch 
in  diameter.  On  this  side  of  the  driving  part  is  a  small 
projection,  with  a  notch  in  the  centre,  which  is  used  as  a 
claw  to  extract  such  nails  as  do  not  drive  satisfactorily. 

The  shaving-tool  is  used  for  getting  the  slates  to  a  smooth 
face  for  skirtings,  floors  of  balconies,  &c.  It  consists  of  an 
iron  blade,  sharpened  at  one  of  its  ends  like  a  chisel,  and 
mortised  through  the  centre  of  two  round  wooden  handles, 
one  fixed  at  one  end,  and  the  other  about  the  middle  of  the 
blade.  The  blade  is  about  eleven  inches  long,  and  two  inches 
wide,  and  the  handle  is  about  ten  inches  long,  so  that  they 
project  about  four  inches  on  each  side  of  the  blade.  In  usiog 
this  tool,  the  workman  places  one  hand  on  each  side  of  the 
handle  that  is  in  the  middle  of  the  blade,  and  allows  the 
other  to  press  against  both  his  wrists.  In  this  manner  he 
removes  all  the  uneven  parts  from  off  the  &ce  of  the  slate^ 
and  gets  it  to  a  smooth  surface. 

The  other  tools  used  by  the  slater  consist  of  chisels, 
gouges)  and  flies  of  all  sizes ;  by  means  of  which  he  finishes 
the  slates  into  mouldings  and  other  required  forms. 

In  slating  roofs,  it  is  necessary  to  form  a  base  or  floor  for 
the  slates  to  lay  compactly  and  safely  upon ;  for  doubles  and 
ImdieSf  boarding  is  required,  which  must  be  laid  very  even, 
with  the  joints  close,  and  properly  secured  by  nails  to  the 
rafters.  This  being  completed,  the  slater  provides  himself 
with  several  slips  of  wood,  called  tilting  Jlllets,  about  ten 
inches  and  a  half  wide,  and  three-quarters  of  an  inch 
thick  on  one  edge,  and  chamfered  to  an  arris  on  the  other, 
which  he  nails  down  all  round  the  extreme  edges  of  the 
roof,  beginning  mth  the  hips,  if  any,  and  if  not,  with  the 
sides,  eaves,  and  ridge.  He  next  selects  the  largest  of  the 
slates,  and  arranges  them  regularly  along  the  eaves  with 
their  lower  edges  to  a  line,  and  nails  them  to  the  boarding. 
This  part  of  the  work  being  completed,  he  takes  other 
slates  to  form  the  bond  to  the  under  sides  of  the  eaves,  and 
places  them  under  those  previously  laid,  so  as  to  cross  and 
cover  all  their  joints.  Such  slates  are  pushed  up  lightly 
under  those  which  are  above  them,  and  are  seldom  nailed, 
but  left  dependent  for  support  on  the  weight  of  those  above 
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them^  and  their  own  weight  on  the  boarding.  The  countesses 
and  all  other  description  of  slates^  when  intended  to  be  laid 
in  a  good  manner^  are  also  laid  on  boards. 

When  the  slater  has  finished  the  eaves,  he  strains  a  line 
on  the  face  of  the  upper  slates,  parallel  to  its  outer  edge^ 
and  as  far  from  it  as  he  deems  sufficient  for  the  lap  of  those 
he  intends  shall  form  the  next  course,  which  is  laid  and 
nailed  even  with  the  line,  crossing  the  joints  of  the  upper 
slates  of  the  eaves.  This  lining  and  laying  is  continued 
close  to  the  ridge  of  the  roof,  observing  throughout  to  cross 
the  different  joints,  by  laying  the  slates  one  above  another* 
The  same  system  is  uniformly  followed  in  laying  all  the 
different  sorts  of  slates,  with  the  exception  of  those  called 
patent  slates,  as  are  hereafter  explained. 

The  largest  kinds  of  slate,  are  found  to  lay  firm  on  iaf- 
iens,  which  are,  consequently,  much  employed,  and  pro- 
duce  a  very  considerable  saving  of  expense  in  large  build- 
ings. A  batten  is  a  narrow  portion  of  deal,  about  two 
inches  and  a  half,  or  three  inches  wide ;  four  of  them  being 
commonly  procured  from  an  eleven  inch  board. 

For  countess  slates,  battens  three-quarters  of  an  inch 
thick,  will  be  of  adequate  substance ;  but  for  the  larger  and 
heavier  kinds,  inch  battens  will  be  necessary.  In  battening 
a  roof  for  slates,  the  battens  are  not  placed  at  an  uniform 
distance  from  each  other^  but  so  as  to  suit  the  length  of  the 
slates ;  and  as  tliese  vary  as  they  approach  the  apex,  or  ridge 
of  the  roof,  it  follows  that  the  slater  himself  is  the  best 
judge  where  to  fix  them,  so  as  best  to  support  the  slates. 

A  roof,  to  be  covered  with  patent  slates,  requires  that  the 
common  rafters  be  left  loose  upon  their  purlines,  as  they 
must  be  so  arranged  that  a  rafter  shall  lie  under  every  one  of 
the  meeting-joints.  Neither  battening  nor  boarding  is  re- 
quired for  these  slates.  The  number  of  rafters  will  depend 
on  the  width  of  the  slates  ;  hence  if  they  be  of  a  large  size, 
very  few  will  suffice.  This  kind  of  slating  is  likewise  com- 
menced at  the  er.ves ;  but  no  crossing  or  bonding  is  re- 
quired, as  the  slates  are  laid  uniformly,  with  each  end  reach- 
ing to  the  centre  of  the  rafter,  and  butted  up  to  each  other 
throughout  the  length  of  the  roof*  When  the  eaves-course 
is  laid,  the  slates  which  compose  it  are  screwed  down  to 
the  rafters  by  two  or  three  strong  inch  and  half  screws  nt 
each  of  their  ends.  A  line  is  then  strained  about  two 
inches  below  the  upper  edge,  in  order  to  guide  the  laying 
of  the  next  course,  which  is  laid  with  its  lower  edge  touch 
iag  the  line.    This  lining,  laying  with  a  lap,  and  screwed 
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down,  is  coDtiQued  till  the  roof  is  completely  covered*  The 
joints  are  then  secured  by  filletting,  which  consists  in  coven* 
ing  all  the  meeting-joints  with  fillets  of  slate^  bedded  in 
glazier's  putty,  and  screwed  down  through  the  whole  into 
the  rafters.  The  fillets  are  usually  about  three  inches  mde, 
and  of  a  length  proportionate  to  that  of  the  slates,  whose 
joints  they  have  to  cover.  These  fillets  ait;  solidly  bedded 
in  the  putty,  and  their  intersecting  joints  are  lapped  similar 
to  those  of  the  slates.  The  fillets  being  so  laid,  and  secured 
by  one  in  the  middle  of  the  fillet  and  one  in  each  lap,  are 
next  neatly  pointed  all  round  their  edges  with  more  putty, 
and  then  painted  over  with  the  colour  of  the  slate.  The  hips 
and  ridges  of  such  slating  are  frequently  covered  by  fillets, 
which  produces  a  very  neat  effect ;  but  lead,  which  is  not 
much  dearer,  is  by  far  the  best  kind  of  covering  for  all  hips 
and  ridges.  The  patent  slating  may  be  laid  so  as  to  be  per* 
fectly  water-tight,  with  an  elevation  of  the  rafters  consider- 
ably less  than  for  any  other  slate  or  tile  cx)vering.  The  rise 
in  each  foot  of  length  in  the  rafter  is  not  required  to  be 
more  than  two  inches,  which,  in  a  raflter  of  fifteen  feet,  will 
amount  to  only  two  feet  six  inches :  a  rise  scarcely  percep* 
tible  ftpm  the  ground. 

Slating  is  performed  in  several  other  ways,  but  the  prin- 
ciples already  explained,  embrace  the  most  of  them.  Some 
workmen  shape  and  lay  their  slates  in  a  lozenge  form.  This 
kind  of  work  consists  in  getting  idl  the  slates  to  an  uniform 
size,  of  the  shape  of  a  geometrical  square.  When  laid  on 
the  roof,  which  must  be  boarded,  they  are  bonded  and  lap- 
ped as  in  common  slating,  observing  only  to  let  the  elbow, 
or  half  of  the  square,  appear  above  each  slate  that  is  next 
beneath  it,  and  be  regular  in  the  courses  all  over  the  roof. 
One  nail  or  screw  only  can  be  used  for  such  slitting ;  benoe 
it  soon  becomes  dilapitatcd.  It  is  commonly  employed  in 
places  near  to  the  eye^  or  where  particular  neatness  is  re- 
quired. 

It  has  been  ascertained,  that  a  slate  one  inch  thick  will, 
in  an  horizontal  position,  support  as  much,  in  weight,  as 
five  inches  of  Portland  stone  similarly  suspended.  Hence 
slates  are  now  wrought  and  used  in  galleries,  and  other  pur- 
poses, where  it  is  essential  to  have  strength  and  lightness 
combined. 

Slates  are  also  fiuhioned  into  chinmey-pieces ;  but  are  in* 
capable  of  receiving  a  polish  like  marble.  It  makes  excel- 
lent skirtings  of  all  descriptions,  as  well  as  casings  to  walls, 
where  dilapidations^  or  great  wear  and  tear  are  to  be  ex- 
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pected.  For  these  purposes,  it  is  capable  of  being  JGixed  with 
joints,  equally  as  neat  as  wood :  and  may,  if  required,  be 

tainted  over  so  as  to  appear  like  it.    Stair-cases  may  also 
e  executed  in  slate,  which  will  produce  a  resemblance  of 
marble. 

MENSURATION  OF  PLASTBEBRS'  AN'D   SLATERS*   WORE. 

'  Plasterers'  work  is  executed  by  the  yard  square ;  and  the 
dimensions  are  taken  in  feet  and  inches. 

If  a  room  consists  of  more  than  four  quoins,  the  addi- 
tional comers  must  be  allowed  at  per  foot  run. 

In  measuring  ceilings  with  ribs,  the  superficies  must  be 
taken  for  plain  work ;  then  an  allowance  must  be  made  for. 
each  mitre,  and  the  ribs  must  be  valued  at  so  much  per  foot 
run,  according  to  the  girth ;  or  by  the  foot  superficial,  al- 
lowing moulding  work. 

>  In  measuring  common  work  the  principal  thin^  to  be 
observed  are  as  follow: — first,  to  make  deductions  for 
chimneys,  windows,  and  doors  ;  secondly,  to  make  deduc- 
tions for  rendering  upon  brick  work,  for  doors  and  windows ; 
thirdly,  if  the  workman  find  materials  for  rendering  between 
quarters,  one-fifth  must  be  added  for  quarters  ;  but  if  work- 
manship only  is  found,  the  whole  must  be  measured  as  whole 
work,  because  the  workman  could  have  performed  the 
whole  much  sooner  if  there  had  been  no  quarters ;  fourthly, 
all  mouldings  in  plaster  work  are  measured  by  the  foot  su- 
perficial, the  same  as  joiners,  by  girting  over  the  mouldings 
with  a  line. 

Slaters'  wtrk  i^  measured  and  reduced  into  squares,  con- 
taining 100  feet  superficial.    If  in  measuring  the  slating  on 
a  roof,  it  be  hipped  on  all  sides  with  a  flat  at  top,  and  the 
plan  of  the  building berectangular,  add  thelengthand  breadth 
of  two  adjoining  sides  of  the  eaves,  and  the  length  and 
breadth  of  two  adjoining  sides  at  the  flat  together,  multiplv. 
the  sum  by  the  breadth  of  the  slope,  and  the  product  will 
give  the  area  of  the  space  that  is  covered.    Add  the  number 
of  square  feet  produced,  by  multiplying  the  girts  of  the  roof 
by  the  length  of  the  slates  at  the  eaves ;  to  the  area  also,  for 
the  trouble  of  putting  on  the  double  row  of  slates,  add  the 
nmnber  of  square  feet  produced  by  multiplying  the  length 
of  the  hips  by  one  foot  m  breadth,  and  the  sum  will  be  the 
whole  contents,  and  yield  a  compensation  for  the  trouble 
and  waste  of  materials.    If  there  be  no  flats,  add  the  two 
adjoining  sides  and  twice  the  lei^th  of  the  ridge  for  the 
length  I  multiply  the  sum  by  the  breadth  of  the  sirps,  for 
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the  area  ot  the  space  covered^  and  add  the  allowanoes  as 
before. 

Another  plan  is  to  allow  in  addition  to  the  nett  dimen- 
sions of  the  work,  six  inches  for  all  the  eaves^  and  four 
inches  for  the  hips. 

All  faced  work  in  slate  skirting,  stair-cases,  galleries,  &c. 
is  charged  by  the  foot  superficial^  without  any  addition. 


PLUMBING, 

Is  the  art  of  casting  and  working  in  lead,  and  using  the 
same  in  the  covering  and  for  other  purposes  in  building. 

To  t^e  plumber  is  also  confided  tne  pump-work,  as  well 
as  the  making  and  forming  of  cisterns  and  resenroirs,  large 
or  small  closets,  &c.  for  the  purposes  of  domestic  osconomy. 
The  plumber  does  not  use  a  great  variety  of  tools,  because  the 
ductility  of  the  metal  upon  which  he  operates  does  not  re- 
quire it. 

The  tools  used,  consist  of  an  iron  hammer,  rather  heavier 
than  a  carpenter's,  with  a  short  thick  handle ;  two  or  three 
wooden  mallets  of  different  sizes ;  and  a  dressing  and  flat- 
ting tool. 

This  last  is  of  beech,  about  eighteen  inches  long,  and  two 
inches  square,  planed  smooth  and  flat  on  the  under  surface, 
rounded  on  the  upper,  and  one  of  its  ends  tapered  off  round 
as  a  handle.  With  this  tool  he  stretches  out  and  flattens 
the  sheet-lead,  or  dresses  it  to  the  shape  required,  using 
finflt  the  flat  side,  then  the  round  one,  as  occasion  may  re- 
quire. 

The  plumber  has  also  occasion  for  a  jack  and  trying  plane, 
similar  to  that  of  the  carpenter. 

With  this  he  reduces  the  edges  of  sheet-lead  to  a  straight 
line,  when  the  purposes  to  which  it  is  to  be  applied  re- 
quire it. 

Also  a  chalk  line,  wound  upon  a  roller,  for  marking  out 
the  lead  into  such  breadths  as  he  may  want. 

His  cutting  tools  consist  of  a  variety  of  chisels  and  gouges 
as  well  as  knives. 

The  latter  of  these  are  used  for  cutting  the  sheet  lead  into 
slips  and  pieces  after  it  has  been  marked  out  by  the  chalk 
line. 

Files  of  difierent  sizes ;  ladles  of  three  or  four  sizes,  foi: 
melting  the  solder ;  and  an  iron  instrument  called  ^roxm^- 
irons* 
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These  grozing*iron8  are  of  several  sizes^  generally  about 
twelve  inches  in  lengthy  tapered  at  both  ends^  the  handle 
end  being  turned  quite  rounds  to  allow  of  its  being  firmly 
held  while  in  use :  the^  other  end  is  a  bulb  of  a  spindle^  or 
spherical  shape,  of  a  size  proportioned  to  the  soldering  in- 
tended to  be  executed.  They  are,  when  required  for  use, 
iieated  to  redness. 

The  plumber's  measuring  rule  is  two  feet  in  lengthy  di  • 
vided  into  three  equal  parts  of  eight  inches  each ;  two  of 
its  legs  are  of  box-wood,  duodecimally  divided ;  and  the 
tiiird  consists  of  a  piece  of  slow  tempered  steel,  attached  to 
one  of  the  box  legs  by  a  pivot  on  which  it  turns,  and  falls, 
when  not  in  use,  into  a  groove  cut  in  such  leg  for  its  recep- 
tion. This  steel  leg  can  be  passed  into  places  where  the  others 
cannot  enter ;  and  it  is  also  useful  for  occasionally  removing 
the  oxide  or  any  other  extraneous  matters  from  the  surface 
of  the  heated  metal. 

Scales  and  weights  are  also  necessary  ;' and  he  niust  be 
supplied  with  centre-bits  of  all  sizes ;  and  a  stock  to  work 
them,  for  the  purpose  of  making  perforations  in  lead  or 
wood,  through  which  he  may 'want  to  insert  pipes,  &c. 
Compasses,  to  strike  circular  pieces,  to  line  or  cover  figures 
of  that  shape,  are  occasionally  required. 

Lead  is  obtained  from  ore,  and,  from  its  being  generally 
combined  with  sulphur,  it  has  been  denominated  '^  sutphu" 
retC^  After  the  ore  has  beeix  taken  firom  its  bed  it  is  smelted, 
first  being  picked,  in  order  to  separate  the  unctuous  and  rich, 
or  genuine  ore  from  the  stony  matrix,  and  other  impurities  5 
the  picked  ore  is  then  pounded  under  stampers  worked  by 
machinery,  and  afterwards  washed  to  carry  on  the  remainder 
of  the  matrix,  which  could  not  be  separated  in  picking.  It  is 
next  put  into  a  reverberatory  furnace,  to  be  rocated  ;  during 
which  operation,  it  is  repeatedly  stirred,  to  facilitate  the 
evaporation  of  the  sulphur.  When  the  surface  begins  to 
assume  the  appearance  of  a  paste,  it  is  covered  with  char- 
coal, and  well  shaken  together.:  the  fire  is  then  increased, 
and  the  purified  lead  flows  down  on  aU  sides  into  the  basin 
of  the  furnace,  whence  it  runs  off  into  moulds  prepared  for 
its  reception.  The  moulds  are  capable  of  receiving  1541bs. 
of  lead  each,  and  their  contents,  when  cool,  are,  in  the  com- 
mercial world,  called  pt^j. 

Lead  is  of  a  bluish-white  colour,  and  when  newly  melt^- 
ed,  or  cut,  is  quite  bright ;  but  it  soon  becomes  tarnished 
on  exposure  to  the  atmosphere ;  assuming  first  a  dirty  grey 
colour,  and  afterwards  becomes  whiter     It  is  capable  of . 
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^ing  hammered  into  very  thin  plates,  and  may  be  drawn 
into  wire ;  but  its  tenacity  is  very  inferior  to  that  of  other 
metals  ;  for  a  leaden  wire,  the  hundred  and  twentieth  part 
of  an  inch  in  diameter,  is  only  capable  of  supporting  about 
181b.  without  breaking.  Lead,  next  to  tin,  is  the  most  iu- 
sible  of  ail  metals ;  and  if  a  stronger  heat  be  applied, 
it  boils  and  evaporates.  If  cooled  slowly,  it  crystallizes. 
'The  change  of  its  external  colour  is  owing  to  its  gradual 
combination  with  oxygen,  which  converts  its  exterior  sur- 
face  into  an  oxyd.  This  outward  crust,  however,  preserves 
the  rest  of  the  metal  for  a  lonj^  time,  as  the  air  can  pene* 
trate  but  very  slowly. 

Lead  is  not  acted  upon  immediately  by  water,  though  that 
element  greatly  facilitates  the  action  of  the  air  upon  it :  for 
it  is  known  that,  when  lead  is  exposed  to  the  atmosphere, 
and  kept  constantly  wet,  the  process  of  oxidation  takes 
place  much  more  rapidly  than  it  does  under  other  circum- 
stances :  hence  the  white  crust  that  is  to  be  observed  on 
the  sides  of  leaden  vessels  containing  water,  just  at  the 
place  where  the  surface  of  the  water  terminates. 

Lead  is  purchased  by  plumbers,  in  pigs,  and  they  reduce 
it  into  sheets  or  pipes,  as  they  have  occasion.  Of  sheet-lead 
they  have  two  kmds,  cast  and  milled.  The  former  is  used 
for  covering  flat  roofs  of  buildings,  laying  of  terraces,  form- 
ing gutters,  lining  reservoirs,  &c. ;  and  the  latter,  which  is 
very  thin,  for  covering  the  hips  aiid  ridges  of  roofs.  This 
last  they  do  not  manufacture  themselves,  but  purchase  it 
of  the  lead  merchants,  ready  prepared. 

For  the  casting  of  sheet  lead,  a  copper  is  provided,  and  well 
fixed  in  masonry,  at  the  upper  ena  of  the  workshop,  near 
the  mould  or  casting  table,  which  consists  of  strong  deal 
boards,  well  jointed  together,  and  bound  with  bars  of  iron 
at  the  ends.  The  sides  of  this  table,  of  which  the  shape  ia 
a  parallelogram,  vary  in  size  from  four  to  six  feet  in  width, 
and  from  16  to  18  feet  and  upwards  in  length,  and  are  guarded 
by  a  frame  or  edging  of  wood,  3  inches  thick,  and  4  or  5 
inches  higher  than  Ae  interior  surface,  called  the  shafU^ 
This  table  is  fixed  upon  firm  legs,  strongly  framed  together, 
about  6  or  7  inches  lower  than  the  top  of  the  copper.  At 
the  upper  end  of  the  mould,  nearest  the  copper,  is  a  box, 
called  the  pan,  which  is  adapted  in  its  length  to  the  breadth 
of  the  table,  having  at  its  f>ottom  a  long  horizontal  slit, 
from  which  the  heated  metal  is  to  issue,  when  it  has  been 
poured  in  firom  the  copper.  This  box  moves  upon  rollers 
along  the  surface  of  the  rim  of  the  table,  and  is  put  in  mo- 
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tion  by  means^of  ropes  and  puileys^  fixed  to  beams  above. 
While  the  metal  is  melting,  the  surface  of  the  mould,  or 
table,  is  prepared  by  covering  it  with  a  stratum  of  dry  and 
clean  sand,  regularly  smoothed  over  with  a  kind  of  rake^ 
called  a  strike,  which  consists  of  a  board  about  5  inches 
broad,  and  rather  longer  than  the  inside  of  the  mould,  so 
that  its  ends,  which  are  notched  about  two  inches  deep,  may 
ride  upon  the  shafts.  This  being  passed  down  the  whole 
length  of  the  table,  reduces  the  sand  to  an  uniform  sur< 
face.  The  pan  is  now  brought  to  the  head  of  the  table,  close 
to  the  copper,  its  sides  having  previously  been  guarded  by  a 
coat  of  moistened  sand,  to  prevent  its  firing  from  the  heat  of 
the  metal,  which  is  now  put  in  by  ladles  from  the  copper. 

These  pans,  or  boxes,  it  must  be  observed^  are  made  to 
contain  the  quantity  of  melted  lead  which  is  required  to  cast 
a  whole  sheet  at  one  time ;  and  the  slit  in  the  bottom  is  so 
adjusted  as  to  let  out,  during  its  prepress  along  the  table, 
just  as  much  as  will  completely  cover  it  of  the  thickness  and 
weight  per  foot  required.  Every  thing  being  thus  prepared, 
the  slit  is  opened,  and  the  box  moved  along  the  table,  dis- 
pensing its  contents  from  the  ton  to  the  bottom,  and  leaving 
m  its  progress  a  sheet  of  lead  of  the  desired  thickness. 
When  cool,  the  sheet  is  rolled  up  and  removed  from  the 
table,  and  other  sheets  are  cast,  till  all  the  metal  in  the  cop- 
per  is  exhausted.  The  sheets  thus  formed  are  then  rolled 
up  and  kept  for  use. 

In  some  places,  instead  of  having  a  square  box  upon 
wheels,  with  a  slit  in  the  bottom,  the  pan  consists  of  a  kind 
of  trough,  bein^  composed  of  two  planks  nailed  together  at 
right  angles,  with  two  triangular  pieces  fitted  in  between 
them,  at  their  ends.  The  length  of  this  pan,  as  well  as  that 
of  the  box,  is  equal  to  the  whole  breadth  of  the  mould.  It 
is  placed  with  its  bottom  on  a  bench. at  the  head  of  the  table 
leaning  with  one  side  against  it :  to  the  opposite  side  is  fixed 
a  handle,  by  which  it  may  be  lifted,  up  in  order  to  pour  out 
the  liquid  metnir  On  the  side  of  the  pan  next  the  mould 
are  two  iron  hooks,  to  hold  it  to  the  table,  and  prevent  it 
from  slipping  while  the  metal  is  being  poured  into  the 
mould. 

The  mould,  as  well  as  the  pan,  is  spread  over,  about  two 
icches  thick,  with  sand,  sifted  and  moistened,  and  rendered 
perfectly  level  by  moving  over  it  the  strike,  and  smoothing  it 
cbwn  with  a  plane  of  polished  brass,  about  a  quarter  of  an 
inch  thick,  and  nine  inches  S(|uare,  turned  up  on  the  edges. 

Before  they  proceed  to  casting  the  lead,  the  strike  is  made 
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ready  by  tacking  two  pieces  of  old  hat  oo  the  notdiea^  or 
by  covering  the  notches  with  leather  cases,  so  as  to  raise  the 
under  side  of  the  strike,  about  an  eighth  of  an  inch,  or 
more,  above  the  sand,  according  to  .the  proposed  thickness 
of  the  sheetr  The  £ace  or  under  side  of  the  strike  is  then 
smeared  with  tallow,  and  laid  across  the  breadth  of  the 
mould,  with  its  ends  resting  on  the  shafts.  The  melted  lead 
is  then  put  into  the  pan  with  ladles ;  and,  wh^i  a  sufficient 
quantity  has  been  put  in,  the  scum  is  swept  off  with  a  piece 
of  board,  and  suffered  to  settle  on  the  coat  of  sand,  to 
prevent  its  felling  into  the  mould,  when  the  metal  is  poured 
out.  It  generally  happens,  that  the  lead,  when  first  taken 
from  the  copper,  is  too  hot  for  casting ;  it  is  therefore  suf- 
fered to  cool  in  the  pan,  till  it  begins  to  stand  with  a  shell 
or  wall  on  the  sand  with  which  the  pan  is  lined.  Two  men 
then  take  the  pan  by  the  handle,  or  one  of  them  takes  it  by 
means  of  a  bar  and  chain  fixed  to  a  beam  in  the  ceiling,  and 
tarn  it  down,  so  that  the  metal  runs  into  the  mould :  while 
another  man  stands  ready  with  the  strike,  and,  as  soon  as 
all  the  metal  is  poured  in.  sweeps  it  forward  and  draws  the 
residue  into  a  trough  at  the  bottom,  which  has  been  prepa* 
red  to  receive  it.    The  sheet  is  then  rolled  up,  as  before. 

In  this  mode  of  operation,  the  table  inclines  in  its 
length  about  an  inch,  or  an  inch  and  a  half,  in  the  length  of 
sixteen  or  seventeen  feet,  or  more,  according  to  the  required 
thickness  of  the  sheets ;  the  thinner  the  sheet  the  greater 
the  declivity ;  and  vice  versd.  The  lower  end  of  the  mould 
is  also  left  open,  to  admit  of  the  superfluous  metal  being 
thrown  off. 

When  a  cistern  is  to  be  cast,  the  size  of  the  four  sides  is 
measured  out ;  and  the  dimensions  of  the  front  having  beea 
taken,  slips  of  wood,  on  which  the  mouldings  are  carv^,  are 

{ircssed  upon  the  sand.  Figures  of  birds,  beasts,  &c.  are 
ikewise  stamped  in  the  internal  area,  by  means  of  leaden 
moulds.  If  any  part  of  the  sand  has  been  disturbed  in 
doing  this,  it  is  made  smooth,  and  the  process  of  casting 
goes  on  as  for  plain  sheets ;  except  that,  instead  of  rolling 
up  the  lead  when  cast,  it  is  bent  into  four  sides,  so  that  the 
two  ends^  when  they  are  soldered  together,  may  be  joined 
$i  the  back ;  the  bottom  is  afterwards  soldered  up. 

The  lead  which  lines  the  Chinese  tea-boxes  is  reduced 
io  a  thinness  which  our  plumbers  cannot,  it  is  said^  ap- 
proach. The  following  account  of  the  process  was  commu- 
nicated by  an  intelligent  Bast^ladian,  m  a  letter  which  ap« 
peared  in  the  Gentleman's  Magazine.  _^'  The  caster  sitsby 
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a  pot/coDtaiDiog  the  melted  metal,  imd  has  two  larfe  atoDes, 
the  lower  one  fixed  and  the  npper  one  movable,  having 
their  surfaces  of  contact  ground  to  each  other,  directly  be* 
fore  him.  He  raises  the  upper  stone  by  pressing  his  foot 
upon  its  side,  and  with  an  iron  ladle  pours  into  the  opening 
a  sujQScient  quantity  of  the  fluid  metal.  He  then  lets  fall 
the  upper  stone,  and  thus  forms  the  lead  into  an  extremely 
thin  and  irregular  plate,  which  is  afterwards  cut  into  its  re- 
quired form." 

Cast  sheet  lead,  used  for  architectural  purposes,  is  techni- 
cally divided  into  51b.  Sflb.  6lb.  6^1b.  7Ib.  7ilb.  81b.  and 
8|lb. ;  by  which  is  understood,  that  every  superficial  foot 
is  to  contain  those  respective  weights,  according  to  the  price 
agreed  upon. 

The  milled  lead  used  by  plumbers  is  very  thin,  seldom 
containing  more  than  51b.  to  the  foot.  It  is  by  no  means 
adapted  to  gutters  or  terraces,  nor,  indeed,  to  any  part  of  a 
building  that  is  much  exposed  either  to  great  wear  or  to  the 
efiects  of  the  sun's  rays :  in  the  former  ease,  it  soon  wears 
away ;  in  the  latter,  it  expands  and  cracks.  It  is  laminated 
in  sheets  of  about  the  same  size  as  those  of  cast  lead,  by 
means  of  a  roller,  or  flatting*  mill. 

Lead-pipes,  besides  the  various  ways  of  manufacture  de- 
scribed in  page  362,  are  sometimes  made  of  sheet  lead,  by 
beating  it  on  round  wooden  cylinders  of  the  length  and 
dimensions  required,  and  then  soldering  up  the  edges. 

Solder  is  used  to  secure  the  joints  of  work  in  lead, 
which  by  other  means  would  be  impossible.  It  should  be 
easier  of  fusion  than  the  metal  intended  to  be  soldered,  and 
should  be  as  nearly  as  possible  of  the  same  colour.  The 
plumber  therefore  uses,  what  is  technically  called,  soft  soU 
der,  which  is  a  compound  of  equal  parts  of  tin  and  lead, 
melted  together  and  run  in  to  moulds.  In  this  state  it  is 
sold  by  the  manu&cturer  by  the  pound. 

In  the  operation  of  soldering,  the  surfaces  or  edges  in- 
tended to  be  united  are  scraped  very  clean,  and  brought 
close  up  to  each  other,  in  which  state  they  are  hdd  by  an 
assistant,  while  the  plumber  applies  a  little  resin  on  the 
joints,  in  order  to  prevent  the  oxidation  of  the  noetal.  The 
heated  solder  is  then  brought  in  a  ladle  and  poured  on  the 
joint ;  after  which  it  is  smoothed  and  finished  by  rubbing  it 
about  with  a  red-hot  soldering  iron,  and  when  completed  is 
made  sn^ooth  by  filing. 

In  the  covering  of  roofs  or  terraces  with  lead,  (the  sheets 
never  exceeding  six  feet  in  breadth^)  it  becomes  necessary  in 
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large  surfaces,  to  have  joints ;  which  are  maoi^ed  serera! 
ways,  hot  in  all,  the  chief  object  is  to  have  them  water- 
tight.  The  best  plan  of  efiecting  this,  is  to  form  laps  or 
roll  joints,  which  is  done  by  having  a  roll,  or  strip  of  wood, 
about  two  inches  square,  but  rounded  on  its  upper  side, 
nailed  under  the  joints  of  the  sheets,  where  the  edges  lap 
over  each  other ;  one  of  these  edges  is  to  be  dressed  up 
over  the  roll  on  the  inside,  and  the  other  is  to  be  dressed 
over  them  both  on  the  outside,  by  which  means  the  water 
is  prevented  from  penetrating.  No  other  fastening  is  requi- 
site than  what  is  required  from  the  hammering  of  the  sheets 
together  down  upon  the  flat ;  nor  should  any  other  be  re- 
sorted to,  when  sheet  lead  is  exposed  to  the  vicissitudes  of 
the  weather ;  because  it  expands  and  shrinks,  which,  if  pre- 
vented by  too  much  fastening,  would  cause  it  to  crack  and 
become  useless.  It  sometimes,  however,  occurs,  that  rolls 
cannot  be  used,  and  then  the  method  of  joining  by  seams  is 
resorted  to*  This  consists  in  simply  bending  the  approxi- 
mate edges  of  the  lead  up  and  over  each  other,  and  then 
dressing  them  down  close  to  the  flat,  throughout  their 
length.  But  this  is  not  equal  to  the  roll,  either  for  neatness 
or  security. 

Lead  flats  and  gutters  should  always  be  laid  with  a  cur- 
rent, to  keep  them  dry.  About  a  quarter  of  an  inch  to  the 
foot  run  is  a  sufficient  inclination. 

In  laying  gutters,  &c  pieces  of  milled-lead,  called  flash-- 
ings,  about  eight  or  nine  inches  wide,  are  fixed  in  the  walls 
all  round  the  edges  of  the  sheet-lead,  with  which  the  flat  is 
covered,  and  are  suffered  to  hang  down  over  them,  so  as  to 
prevent  the  passage  of  rain  through  the  interstice  between 
the  raised  edge  and  the  wall.  If  the  walls  have  been  pre- 
viously built,  the  mortar  is  raked  out  of  the  joint  of  the 
bricks  next  above  the  edge  of  the  sheet,  and  the  flush- 
ings are  not  only  inserted  into  the  crack  at  the  upper  sides, 
but  their  lower  edges  are  likewise  dressed  over  those  of 
the  lead  in  the  flat,  or  gutter.  When  neither  of  these 
modes  can  be  resorted  to,  the  flushings  are  fastened  by 
wall-hooks,  and  their  lower  edges  dress^  down  as  before. 

Drips  in  flats,  or  gutters,  are  formed  by  raising  one  part 
above  another,  and  dressing  the  lead,  as  already  described, 
for  covering  the  roUs.  They  are  resorted  to  when  the  gutter 
or  flat,  exceeds  the  length  of  the  sheet;  or  sometimes  for 
convenience.  They  arc  also  an  useful  expedient  to  avoid  sol- 
dering the  joints. 
I   Sheet  lead  is  also  used  in  the  lining  of  reservoir8>  which 
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are  made  either  of  wood  or  masonry.  As  these  conveni- 
ences are  seldom  in  places  subject  to  material  change  of 
temperature,  recourse  may  be  had  to  the  soldering,  without 
fear  of  its  damaging  the  work,  by  promoting  a  disposition 
to  crack. 

The  pumps  which  come  under  the  province  of  the  plum- 
ber, are  confined  generally  to  two  or  three  kinds,  used  for 
domestic  purposes,  of  which  the  suction  and  lifting  pumps 
are  the  chief:  these,  as  well  as  water-closets,  are  manufac- 
tured by  a  particular  set  of  workmen,  and  sold  to  the 
plumber,  who  furnishes  the  lead  pipes,and  fixes  them  in  their 
places. 

Plumber's  work  is  generally  estimated  by  the  pound,  or 
hundred  weight;  but  the  weight  may  be  discovered  by 
measurement,  in  the  following  manner  :  sheet-lead  used  in 
roofing  and  guttering  is  commonly  between  seven  and 
twelve  pounds  to  the  square  foot ;  but  the  following  table 
exhibits  the  particular  weight  of  a  square  foot  for  each  of 
the  several  thicknesses. 
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In  this  table  the  thickness  is  set  down  in  tenths  and  hun- 
dredths, &c.  of  an  inch ;  and  the  annexed  corresponding 
numbers  arc  the  weights  In  avuirdupois  pounds,  and  thou- 
sandth parts  of  a  pound ;  so  that  the  weight  of  a  square 
foot  of  1-lOth  of  an  inch  thick,  10-lOOths,  is  5  lbs.  and  899 
thousandth  parts  of  a  pound ;  and  the  weight  of  a  square 
foot  I-9th  of  an  inch  in  thickness,  is  6  pounds  and  554 
thousandths  of  a  pound.  Leaden  pipe  of  an  inch  bore,  is 
commonly  13  or  14  lbs.  to  the  yard  in  length. 


GLAZING. 

The  business  of  this  class  of  artificers'consists  in  putting 
glass  into  sashes  and  casements.  Glazier's  work  may  be 
classed  under  three  distinct  heads,  sash*  work,  lead-work^ 
and  fret-work. 
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TbstociB  reqwsite  for  the  performance  of  the  first  of  these 
departments  are,  a  diamond,  a  ranging  lath,  a  short  lath,  a 
square,  a  mle,  a  glazmg-knife,  a  catting- chisel,  a  beading^ 
hammer,  a  duster,  ano  sash-tool ;  and  in  addition,  for  stop- 
ping in  squares,  a  hacking-knife  and  hammer. 

The  diamond  is  a  speck  of  that  precious  stone,  polished 
to  a  cutting  point,  and  set  in  brass  on  an  iron  socket,  to  re- 
ceive a  wooden  handle,  which  is  so  set  as  to  be  held  in  the 
hand  in  the  cutting  dkection.  The  top  of  the  handle  goes 
between  the  root  of  the  fore-finger  and  the  middle  finger, 
and  the  hinder  part,  between  the  point  of  the  fore-finger 
and  thumb ;  there  is,  in  eeneral,  a  notch  in  the  side  of  the 
Bocket,  which  should  be  held  next  to  the  lath.  Some  dia- 
monds have  more  cuts  than  one.  Plough  diamonds  have  a 
square  nut  on  the  end  of  the  socket,  next  the  glass,  which, 
on  running  the  nut  square  on  the  side  of  the  lath,  keeps  it 
in  the  cuttmg  direction. 

Glass  binders  have  these  plough  diamonds  without  long 
handles,  as,  in  cutting  their  curious  productions,  they  can- 
not apply  a  lath,  but  direct  them  by  the  point  of  their  mid- 
dle finger,  gliding  along  the  edge  of  the  glass. 

The  ranging  lath  must  be  long  enough  to  extend  rather 
beyond  the  boundary  of  the  table  of  glass. 

Ranging  of  glass  is  the  cutting  it  in  breadths  as  the  work 
may  reauire,  and  is  best  done  by  one  uninterrupted  cut  from 
one  end  to  the  other. 

The  square  is  used  in  cutting  the  squares  from  the  range, 
that  they  may  with  greater  certainty  be  cut  at  right  angles. 
The  glazing  knife  is  used  for  laying  in  the  putty  in  the  re- 
bates of  the  sash,  for  binding  in  the  glass,  and  for  finishing 
the  front  putty. 

Of  the  glass  used  in  building,  three  qualities  are  in  com- 
mon use,  denominated  best,  second,  and  third. 

The  best  is  that  which  is  the  purest  metd  and  free  of 
blemishes,  as  blisters,  specks,  streaks,  &c. ;  the  second  is 
inferior,  from  its  not  being  so  free  from  these  blemishes ;  and 
the  third  are  ^tiil  inferior,  both  in  regard  to  quality  and 
colour,  being  of  greener  hue. 

They  are  all  sold  at  the  same  price  per  crate ;  but  the 
number  of  tables  varies  according  to  the  quality.  Best 
twelve,  second  fifteen,  and  third  eighteen  tables. 

These  tables  are  circular  when  manufactured,  and  about 
four  feet  in  diameter,  having  in  the  centre  a  knot,  to  which, 
in  the  course  of  the  process,  the  flashing  rod  was  fixed ;  but 
for  the  safety  of  carriage^  and  convenience  of  handling,  as 
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Well  as  utility  in  practice,  a  segment  is  cut  off  about  four 
inches  from  the  knot.  The  large  piece  with  the  knot,  stil 
retains  the  name  of  table;  the  smaller  piece  is  technically 
called  a  slab.  From  these  tables  being  of  a  j^iven  size,  it  is 
reasonable  to  suppose  that,  when  the  dimensions  of  squares 
are  such  as  cut  tne  glass  to  waste^  the  price  should  be  ad- 
vanced. 

A  superior  kind  of  glass  may  be  obtwned  at  some  of  the 
first  houses  in  London,  which  is  very  flat,  and  of  large  di- 
mensions ;  some  of  it  being  2  feet  8  inches  by  2  /eet  1 
inch ;  these  are  sold  only  in  squares. 

Rough  glass  is  well  adapted  to  baths,  and  other  places  of 
privacy ;  one  side  is  ground  with  emery  or  sand,  so  that  no 
objects  can  be  seen  through  it,  though  the  light  be  still 
transmitted. 

The  glass,  called  German-sheety  is  of  a  superior  kind,  as 
it  can  be  had  of  much  larger  dimensions  than  common  glass  j 
it  is  also  of  a  purer  substance,  and  for  these  reasons,  is  fre- 
quently appropriated  to  picture  frames.  .  Squares  may  be 
had  at  the  astonishing  size  of  3  feet  8  inches,  by  3  feet  I  inch, 
and  3  feet  10  inches  by  2  feet  8  inches,  and  under. 

The  glass  is  first  blown  in  the  form  of  a  globe,  and  after- 
•wards  flatted  in  a  furnace,  in  consequence  of  which  it  hns  a 
very  forbidding  appearance  firom  the  outside,  the  surface 
'being  uneven. 

Plate-glass  is  the  most  superior  in  quality,  substance, 
and  flatness,  being  cast  in  plates,  and  polished.  The 
quantity  of  metal  it  contains,  must  be  almost,  if  not  al- 
together, colourless ;  that  sort  which  is  tinged  being  of  an 
inferior  quality.  Plate-glass  when  used  in  sashes,  ^s  pe- 
culiarly magnificent ;  and  it  can  be  had  of  larger  dimen- 
sions than  any  other  kind  of  glass. 

Stained-glass  is  of  different  colours,  as  red,  orange,  yel- 
low, green,  blue,  and  purple. 

TTiese  colours  are  fixed  by  burning,  and  are  as  durable  as 
the  glass. 

Glass  can  be  bent  to  circular  sweeps,  which  is  much  used 
in  London  for  shop  windows,  and  is  carried  to  great  per- 
fection  in  covers,  for  small  pieces  of  statuary,  &c. 

The  application  of  stained  glass  to  the  purposes  of  glazing 
is  called  fret-work.  This  description  of  work  consists  of 
working  ground  and  stained  glass,  in  fine  lead,  into  different 
patterns.  In  many  cases  family  arms  and  other  devices  are 
worked  in  it.  It  is  a  branch  capable  of  great  improvement ; 
but  at  present  is  much  neglected.    Old  pieces  are  very  much 
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esteemed^  though  the  same  expense  would  furnish  elegant 
modern  productions.  They  are  placed  in  halls  and  stair- 
case windows,  or  in  some  particular  church  windows.  In 
many  instances  they  are  introduced  where  there  is  an  un- 
pleasant aspect,  in  a  place  of  particular  or  genteel  resort. 

Lead- work  is  used  in  inferior  offices,  and  is  in  general 
practice  all  through  the  country.  Frames  intended  to  re- 
ceive  these  lights  are  made  with  bars  across,  to  which  the 
lights  are  fastened  by  leaden  bars,  called  saddle  bars ;  and 
where  openings  are  wanted,  a  casement  is  introduced  either 
of  wood  or  iron.  Sometimes  a  sliding  frame  answers  the 
same  purposes.  Church  windows  are  generally  made  in 
this  manner,  in  quarries  or  in  squares. 

The  tools  with  which  this  work  is  performed  are,  in  ad* 
dition  to  the  for^^ing,  as  follow : — 

A  vicey  with  different  cheeks  and  cutters,  to  turn  out  the 
different  kinds  of  lead  as  the  magnitude  of  the  window,  or 
the  squares  may  require. 

The  German  vices,  which  are  esteemed  the  best,  are 
furnished  with  moulds,  and  turn  out  lead  in  a  variety  of 
sizes.  The  bars  of  lead  cast  in  these  vices  arc  received  by 
the  mill,  which  turns  them  out  with  two  sides  parallel  to 
each  other,  and  about  |  of  an  inch  broad,  with  a  partition 
connecting  the  two  sides  together,  about  f  of  an  inch  wide, 
forming  on  each  side  a  groove,  nearly  -rr  by  f  of  an  inch, 
and  about  6  feet  long. 

Besides  a  vice  and  moulds  there  are  a  setting-board,  latter* 
kin,  setting- knife,  rerin-box  tin,  ^lazin^-ironSy  and  clips. 

The  setting'board  is  that  in  which  the  ridge  of  the  light 
is  marked  and  divided  into  squares,  struck  out  with  a  chalk 
line,  or  drawn  with  a  lath,  which  serves  to  guide  the  work- 
men. One  side  and  end  is  squared  with  a  projecting  bead 
or  fillet. 

The  latterkin  is  a  piece  of  hard  wood  pointed,  to  run  in 
the  groove  of  the  lead,  and  widen  it  for  the  easier  reception 
of  the  glass. 

The  setting-kmfe  consists  of  a  blade  with  a  round  poin^ 
loaded  with  lead  at  the  bottom  an{}  terminating  in  a  long 
square  handle.  The  square  end  of  the  handle  serves  to 
force  the  square  of  glass  tight  in  the  lead.  All  the  inter- 
sections are  soldered  on  ^th  sides,  except  the  outside 
joints  of  the  outer  sides,  that  is,  where  they  come  to  the 
outer  edge.  These  lights  should  be  cemented  by  pouring 
thin  paint  along  the  lead  bars,  and  filling  up  the  pbasms  with 
dry  whiting,  to  which,  after  the  oil  m  the  paint  has  se« 
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creted  a  Kttle^  a  little  more  dry  whiting,  or  white  lead^ 
must  be  added.  This  will  dry  hard>  and  resist  the  action 
of  the  atmosphere. 

MENSURATION   OF  GLAZIERs'  WORK. 

Glaziers'  work  is  measured  by  superficial  feet,  and  the  di* 
mensions  are  taken  in  feet,  tenths,  &c.  For  this  purpose, 
their  rules  are  generally  divided  into  decimal  parts,  and 
their  dimensions  squared  according  to  decimals.  Circular, 
or  oval  windows  are  measured  as  Lf  thev  were  rectangular ; 
because  in  cutting;  squares  of  glass  there  is  a  very  great 
waste,  and  more  time  is  expended  than  if  the  window  had 
been  of  a  rectangular  form. 


PAINTING, 

As  applied  to  purposes  of  building,  is  the  application  of 
artificial  colours,  compounded  either  with  oil  or  water,  in 
embellishing  and  preserving  wood,  &c. 

This  branch  of  painting  is  termed  economical,  and  applies 
more  immediately  to  the  power  which  oil  and  varnishes  pos- 
sess, of  preventing  the  action  of  the  atmosphere  upoa 
wood,  iron,  and  stucco,  by  interposing  an  artificial  surface ; 
but  it  is  here  intended  to  use  the  term  more  generally,  in 
allusion  to  the  decorative  part,  and  as  it  is  employed  by 
the  architect,  throughout  every  part  of  his  work^  both  ex- 
ternally and  internally. 

In  every  branch  of  ptdnting  in  oil,  the  general  processes 
are  very  similar,  or  with  such  variations  omy^  as  readily  oc- 
cur to  the  workman. 

The  first  coatings,  or  layers,  if  on  wood  or  iron,  ought  al- 
ways to  be  of  ceruse  or  white  lead,  of  the  best  quality,  pre- 
viously ground  veiy  fine  in  nut  or  linseed  oil,  eitherover  a 
stone  with  a  muUer,  or,  as  that  mode  is  too  tedious  for 
large  quantities,  passed  through  a  mill.  If  used  on  shut- 
ters, doors,  or  wainscottings,  made  of  fir  or  deal,  it  is  very 
requisite  to  destroy  the  effects  of  the  knots ;  which  are  ge*- 
nerally  so  completely  saturated  with  turpentine,  as  to 
render  it,  perhaps,  one  of  the  most  difficult  processes  in 
this  business.  The  best  mode,  in  common  cases,  is,  to  pass 
a  brush  over  the  knots,  with  ceruse  eround  in  water,  bound 
by  a  size  made  of  parchment  or  glue ;  when  that  is  dir, 
paint  the  knots  with  white  lead  ground  in  oil,  to  which  aad 
•ome  powerful  siccative,  or  dryer,  as  red  lead,  or  litharge  of 
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with  white- leadyPnuBiaii-hloe^  ivory-bfaick,  aod  lake;  aige* 
green,  pes,  and  sea-greens,  with  white,  Pnisslui-bliie,  aod 
fine  yellows;  apricot  and  peach,  with  lake,  white,  and 
Chinese  vermilion;  fine  yellow  fiiwn  colour  with  bomt 
terra  sienna,  or  nmber  and  white ;  and  oli?e*green8with  fined 
Pmssian-blaes,  and  Oxfordshire  ochre . 

Distemper,  or  painting  in  water  colours,  mixed  with 
size,  stncco,  or  plaster,  which  is  intended  to  be  painted  in 
oil  when  finished,  bat  not  being  suflkiently  dry  to  reoeife 
the  oil,  may  have  a  coating  in  water  colours,  cfmay  given 
tint  required,  in  order  to  give  a  more  finished  appearance  to 
that  part  of  the  boildlng.  Straw  coloan  may  be  made  with 
French  whites  and  ceruse,  or  white  lead  and  masticate  or 
Dutch  pink.  Greys,  full,  with  some  whites  and  refiner'a 
verditer.  An  inferior  grey  may  be  made  with  hkM>blacl^ 
or  booe**blBck  and  indigo.  Pea-greens  with  French  grccB, 
Olympian  green,  &c.  Pawn-colour  with  bnmt  terra  de 
sienna,  or  burnt  umber  and  white,  and  so  of  any  interme- 
diate tint.  The  coliwrs  should  all  be  ground  verv  finc^  and 
mixed  with  whiting  and  a  size  made  with  pardbme&t,  or 
some  similar  substance.  Less  than  two  coats  will  not  be 
suifident  to  cover  the  plaster,  and  bear  out  with  an  unifona 
appearance.  It  must  be  recc^ected,  that  when  the  stocco 
b  sufficiently  dry,  and  it  is  desiiuble  to  have  it  painted  hv 
oil,  the  whole  of  the  water-colours  ought  to  be  remov^^ 
which  may  easily  be  done  by  washing,  and  when  quite  diy^ 
procesd  with  it  after  the  direction  given  on  oil-painting  in 
stneco*. 

If  old  plastering  has  become  disfigured  by  stainsy  or  other 
blemisfaeS)  and  it  be  desired  to  have  it  painted  in  distem- 
per, it  is,  in  this  case,  advisable  to  givis  the  old  plastering, 
when  properly  cleaned  off  and  prepitfed>  one  ooat^  at  kaat, 
of  wfaite«-kad  ground  in  oil»  and  used  with  spiiits  of  tur- 
peoeine^  which  will  generally  fix  old  staimr ;  and,  when  qaila 
dry,  take  waterHHilours  veiy  kindly* 

MBNSUBATION   OV   PAIKTBRs'  WORK* 

Fstnlnrs*  work  is  measured  by  the  yaifd  s^muw^  and  the 
dimensioas  are  taken  io  feet,  inches^  and  tenths.  Bvery 
part  which  the  brush  fans  passed  otner  in  measaied^  oonse- 
quently  the  dimensktaa  must  be  tafc»  witha  hue,  that  girts 
met  the  mouldings,  breaks,  &c«  AH  kinds  of  omamenCal 
work  produces  an  extra. price,  according  to  the  nature  of 
the  imitations,  &;c.  Carved  wor^Jc  is  alsoi«lued  aococding 
to  the  time  t^en  in  painting  it 
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RAIL-ROADS 


LOCOMOTIVE  ENGINES. 


Am msT  the  variouft  speculadons  of  the  day,  perhaps  none 
have  more  deservedly  excited  the  public  interest  than  that 
of  the  numerous  projected  lines  of  rail-road  for  diminish- 
ing the  friction  of  carriages^  and  for  propeUing  carriages  on 
them  by  either  gas  or  steam  power. 
^  The  lessening  the  friction^  produces  a  consequent  diminu- 
tkm  in  the  power  which  otherwise  would  be  required  to 
propel  a  given  weight ;  and  therefore,  is,  in  a  commercial 
nation,  like  that  of  the  united  kingdom,  a  subject  worthy  of 
the  highest  consideration. 

Railways  were  originally  made  of  wood,  and  appear  to 
bave  been  first  introduced  between  the  river  Tyne  and  some 
of  the  princiiMd  coal-pits,  as  early  as  the  year  1680.  The 
scarcity  of  thiflr  matenal,  and  the  expense  of  frequent  re- 
pairs^  soon  suggested  an  idea  that  iron  might  be  more 
advantageously  employed.  At  first,  flat  rods  of  bar-iron 
were  nailed  upon  the  original  wooden  rails,  or,  as  they  were 
technically  called,  sleepers;  which,  though  an  expensive 
process,  was  found  to  be  a  great  improvement.  But  as  the 
wood  on  which  these  rested  was  liable  to  rot  and  give  way, 
these  raitings  were  soon  after  superseded  by  others  made 
entirely  of  iron. 

These  tram  or  rail-roads  have,  for  a  considerable  length 
of  time,  been  much  used  in  the  colliery  and  mining  districts; 
and  some  few  have  been  carried  from  one  town  or  manufac- 
tnring  district  to  another.  The  principal  of  these  latter  in 
ESngland  and  Wales  are,  the  Cardiff  and  Merthyr,  26i>  miles 
long,  miming  near  the  Glamorganshire  canal ;  the  Caer- 
marthen ;  the  Lexhowry,  98  miles,  in  the  counties  of  Mon- 
mouth and  Brecknock ;  the  Surrey  26  miles ;  the  Swansea^ 
7i  miles ;  one  between  Gloucester  and  Cheltenham }  besides 
several  in  the  north  of  England. 

Railways  are  of  two  kinds,  arising  fr^m  the  disposition  of 
2t2 
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the  flanch  that  is  to  guide  the  wheels  of  the  carriage,  and 
prevent  it  from  moDing  off  the  rail.  In  the  one,  the  flanch 
18  at  right  angles,  and  of  one  piece  with  the  flat  surface  of 
the  rail;  in  the  other,  the  flat  surface  of  the  rail  is  raised 
above  the  level  of  the  ground,  and  the  flanch  is  fixed  on  the 
wheel  of  the  carriage,  at  right  angles  to  the  tyre,  or  iron 
placed  on  the  circumference  of  the  wheel,  to  strengthen  it. 
beside  these,  another  kind  of  railway  has  lately  been  intro- 
duced by  Mr.  Palmer,  which  consists  of  a  single  r^l,  sup- 
ported some  height  from  the  surface  of  the  ground  :  on  this, 
two  wheels  confined  in  sufficient  frame-work,  are  placed, 
suspending  the  load  equally  balanced  on  either  side.  This 
arrangement  certainly  seems  to  ensure  the  grand  principle 
of  lessening  firiction,  and  doubtless  will,  in  many  situations^ 
be  found  a  great  improvement. 

Previously  to  entering  upon  the  probable  advantages  like- 
ly to  result  from  a  general  introduction  of  railways,  we 
shall  give  the  substance  of  the  specification  of  a  patent,  ob- 
tuned  in  Sept.  1816,  by  Messrs.  Losh  and  Stephenson,  both 
of  whom  are  well  known  to  those  interested  in  the  subject. 

'Diese  gentlemen  preface  a  description  of  their  method  of 
facilitating  carriages  along  tram  and  railways,  with  an  ob- 
servation, that  there  are  two  kinds  of  railways  in  general 
use ;  the  one  consisting  of  bars  of  cast  iron,  generally  of 
the  shape  of  that  described  by  a,  fig.631 ,  the  other  of  tbe 
shape  of  that  described  by  figs.  GSO  and.631.  That  shewn  at  a, 
fig.  629,  is  known  in  diflerent  situations  by  the  denomina- 
tion of  the  edge  rail,  round-top  raO,  fish-backed  rail,  &c. 
That  shewn  at  figs.  632  and  633,  by  the  denomination  of 
the  plate-rail,  tram-way  plate,  barrow-way  plate,  &c.  The 
first  we  shall  distinguish  by  the  name  of  the  edge  railway ; 
the  second,  by  that  of  the  plate  railway. 

In  the  construction  of  edge  railways,  Messrs.  Losh  and 
Stephenson's  objects  are,  first,  to  fix  both  the  ends  of  the 
rails,  or  separate  pieces,  of  which  the  ways  are  formed, 
immovable,  in  or  upon  the  chiurs  or  props  by  which  they 
arc  supported ;  secondly,  to  place  them  in  such  a  manner, 
that  the  end  of  any  one  rail  shall  not  project  above  or  fall 
below  the  correspondent  end  of  that  with  which  it  is  in  con- 
tact, or  with  which  it  is  joined  ;  thirdly,  to  form  the  join- 
ings of  the  rails,  with  the  pedestals  or  props  which  support 
them,  in  such  a  manner,  that  if  these  props  should  vary 
from  their  perpendicular  position  in  the  line  of  the  way, 
(which  in  other  railways  is  often  tbe  case)  the  joinings  of 
the  rails  with  each  other  would  reniaiu  as'  before  such  varia- 
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tion,  and  so  that  the  rails  shall  bear  upon  the  i>rops  as  firm- 
ly as  before^  The  formation  of  the  rails  or  plates  of  which 
aplat^  railway  consists,  being  different  from  the  rails  of 
which  the  edge  railways  are  composed,  they  are  obliged  to 
adopt  a  different  manner  of  joining  them,  both  with  each 
other,  and  with  the  props  and  sleepers  on  which  they  rest. 
But  in  the  joining  these  rails  or  plates  upon  their  chairs  and 
sleq[>ers,  they  fix  them  down  immovaoly,  and  in  sach  a 
manner  that  the  end  of  one  rail  or  plate  does  not  project 
aboye,  or  fall  below  the  end  of  the  adjoining  plate,  so  as  to 
present  an  obstacle,  or  cause  a  shock  to  the  wheels  of  the 
carriages  which  pass  over  them,  and  they  also  form  the 
joinings  of  these  rails  or  plates  in  such  a  manner  as  to  pre-* 
vent  the  possibility  of  the  naijs,  which  are  employed  in 
fixing  them  in  their  chairs,  from  starting  out  of  their  places 
from  the  vibration  of  the  plates,  or  bom  other  causes. 

In  what  relates  to  the  locomotive  engines  and  their  car- 
riages, which  maybe  employed  for  conveying  goods  or 
materials  along  edge  railways  or  plate->-raiiways,  or  for 
propeUiog  or  &iwing  after  them  the  carriages  or  waggon^ 
ehaployed  for  that  purpose,  their  invention  consists  in  sus.- 
taining  the  weight,  or  a  proportion  of  the  weight,  of  the 
engine,  upon  pistons,  movable  within  cylinders,  into  which 
the  steam  or  the  water  of  the  boiler  is  allowed  to  enter,  in 
order  to  press  upon  such  pistons ;  and  which  pistons  are,  by 
the  intervention  of  certain  levers  and  connecting  rods,  or 
by  any  other  effective  contrivance,  made  to  bear  upon  the 
axles  of  the  wheels  of  the  carriage  upon  which  the  engine 
rests.  In  the  formation  of  the  wheels  it  is  their  object  to 
construct  them  in  such  a  manner,  and  to  form  them  of  such 
materials,  as  shall  make  them  more  durable  and  less  ex-^ 
pensive  in  the  repairs  thap  those  hitherto  in  use^  This  is 
accomplished  by  forming  ttte  wheels  either  with  spokes  of 
malleaole  iron^  ai^d  with  cast  iron  rims^  or  by  making  the 
wheels  and  spokes  of  cast  iron,  with  hoops,  tyres,  or  trods^ 
of  malleable  iron,  and  in  some  instances,  particularly  for 
wheels  of  very  small  diameters,  instead  of  spokes  of  maUea-r 
ble  iron,  employing  plates  of  malleable  iron,  to  form  the 
junction  between  uie  naves  and  the  cast  iron  rims  of  the 
wheels. 

The  advantages  gained  by  this  method  of  constructing 
railways  are,  first,  that  the  separate  pieces  of  which  they 
consist  are,  ciBteris  paribus,  rendered  by  this  mode  of  joining 
them,  capable  of  sustaining  a  much  heavier  pressure  than 
those  which  are  joined  in  the  usual  way.  Secondly^  by  this 
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mode  of  joining  the  rails,  they  remove  the  lialrility  to  which 
ndk  joined  in  die  nsual  plan,  (where  the  end  of  one  rail  is 
seldom  in  the  same  plane  with  the  oorrespondent  end  of  the 
next^  are  exjposed,  of  reoeiring  blows  and  shocks  from  the 
carnages  which  move  over  them,  and  to  which  blows  and 
shocks  the  great  breakage  which  often  occurs  in  railways, 
when  not  made  of  enormous  weight,  may  generally  be  re- 
ferred ;  and  as  action  and  re-action  are  mutual  and  con- 
trary, if  they  prevent  the  communication  of  shocks  to  1^ 
nuls,  they  at  the  same  lime  preserve  the  wheels,  the  car* 
riaffcs,  and  engines  which  move  over  them,  from  the  re^ 
action  which  is  often  destructive  to  them.  As  the  centre  of 
gravity  in  a  loaded  coal-waggon  is^  from  its  shape,  ravcfa 
devated,  there  is  generally  a  great  waste  of  coal  from  the 
shaking  of  the  waggons,  to  which  that  circumstance  (the 
position  of  the  centre  of  gravity)  makes  them  more  liable 
when  they  encounter  obstacles,*  as  they  do  at  the  junction 
of  almost  every  two  rails  on  the  common  ri^ways.  On 
Losh  and  Stephenson's  railways,  the  loss  thus  arising  is, 
if  not  entirely  prevented,  at  least  considerably  diminished^ 
by  the  steady  and  regular  motion  of  the  waggons.  Hie 
usual  method  of  fixing  down  the  plates,  of  which  the  plate 
ndlways  employed  in  coal^^mines,  and  there  called  tram 
and  roUey-ways,  are  formed,  is  bv  a  single  nail,  nearly  at 
each  end  of*  each  plate ;  which  nail  passes  throng  a  hole  in 
the  plate,  and  fixes  it  to  a  sleeper  of  wood.  These  nculs, 
from  the  vibration  of  the  plate,  or  the  motion  of  the  sleeper^ 
or  some  other  cause,  generally  very  soon  start  up,  and  con- 
sequently the  plates  work  loose,  and  very  frequently  the 
nails  come  entirely  out.  The  delay  of  work,  the  breakage 
of  plates,  wheels,  &c.  and  the  injury  which  the  horses  re- 
ceive from  the  loose  nails  which  result  from  the  mode  of 
fixing  the  plate  railways,  are  generally  complained  of,  and 
therefore  the  advantages  of  a  plan  which  will  remove  these 
inconveniences  must  be  apparent. 

When  locomotive  steam-engines  are  employed  as  the 
moving  or  propelling  power  on  railways,  these  gentlemen 
have,  from  much  practice,  found  it  of  the  utmost  impor- 
tance, that  they  should  move  steadily,  and  as  free  as  possi- 
ble from  shocks  or  vibrations,  which  have  the  effect  of 
deranging  the  working  parts  of  the  machinery,  and  lessening 
their  power.  It  is  therefore  to  produce  that  steadiness  of 
motion,  and  to  prevent  the  engines  from  receiving  shocks, 
and  to  preserve  their  equilibrium,  that  they  employ  the 
boating  pistons,  which,  acting  on  an  elastic  fluid,  produce 
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the  denied  effect  with  much  more  accuracy  than  could  be 
obtained  by  employkig  the  finest  springB  of  i^eel  to  suspend 
the  enginei  The  wheeis  which  are  constracted  on  this  plan 
will  be  fonnd^  when  compared  with  those  already  in  use 
{tim  weights  of  both  being  equal)  to  be  more  durable ;  for 
the  arms,  when  made  of  midlenble  iron,  being  infinitely 
less  liable  to  be  broken  by  shocks  or  concussions,  than 
those  of  cast  iron,  may  be  of  less  weight,  and  in  fewer 
numbers,  so  that  the  excess  of  weight  of  the  extra  arms  of 
the  cast  upon  wheels  may  be  applied  on  the  rims  of  these 
wheels,  ai^d  thus  add  to  the  substance  of  that  part  which 
alone  suffers  from  the  friction  of  the  rails.  The  rims  of 
wheels  thus  constructed,  can  also  be  case-hai-dened  without 
risk  of  breaking,  either  in  cooling  or  afterwards,  which  is 
not  the  case  when  wheels  are  cast  in  one  piece.  The  ad-^ 
vantage  of  hooping  cast  iron  wbeeb  with  malleable  iron 
t^es  or  trods,  is,  that  when  such  tyres  or  trods  are  worn 
through)  they  can  Very  easily  be  replaced  at  a  small  expense, 
and  Hiat  the  tyre,  which  is  not  liable  to  break,  receiving 
the  shocks  from  the  re-action  of  the  rails,  preserves  the 
cast-iron  wheel,  by  considerably  lessening  the  effect  of  such 
shocks:  (m  the  oast  metal. 

As  it  is  perhaps  impossible  to  cast  the  bars  or  plates  of 
metal  of  which  railways  and  plate-ways  are  composed  per- 
fectly straight,  and  correctly  even  and  smooth  on  their  sur- 
faces, and  eqiudly  difficult  to  fit  the  joints  with  mathema* 
tioal  aecnracy,  the  wheels  of  the  engines  and  waggons  wiH 
always  have  some  inequalities  and  obstacles  to  encounter. 
Prom  these  circumstances,  therefore,  Messrs.  Losh  and 
Stephenson  are  induced  to  employ  the  improvements  which 
they  have  made  in  the  construction  of  the  locomotive  en«- 
gine,  and  in  the  wheels  of  carriages  upon  edge  railways 
and  plate  railways,  constructed  according  to  their  own 
plans ;  but  it  is  apparent  that  their  adoption  on  the  rail  and 
plate-ways  on  the  usual  construction,  is  of  still  more  im«- 
portance. 

They  therefore  claim'  as  a  method  of  facilitating  the  con- 
veyance of  goods,  and  all  manner  of  materials  along  edge 
railways  or  plate  railways,  the  use  of  any  of  the  plans 
they  have  described  singly,  as  well  as  the  whole  of  them 
collectively.  Tbej  have  no  hesitation  in  saving,  that  on  a 
railway  constructed  on  their  plan,  and  with  a  locomotive 
engine  and  carriage-wheels  on  their  principle,  the  expe- 
dition with  which  goods  can  be  conveyed  with  safety,  will 
be  increased  to  nearly  double  the  rate  with  which  they  are 
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at  present  nsnally  taken  along  railways,  and  trith  lesa 
interniption  from  the  breakage  of  wheeli^  rails,  &c.  than 
at  present  occors,  and  with  much  less  injury  to  the  work- 
ing parts  of  the  engine. 

In  order  that  their  specification  may  be  more  dearly  un- 
derstood, we  have  annexed  a  schedule  of  drawings. 

Fir.  6S9  represents  a  longitudinal  view  of  the  locomotive  en^ne  oe 
the  cd^e  railway,  a  «  a,  are  the  cylinders  containing'  the  floating  pistons 
b  6,  which  are  more  fully  described  in  tlie  next  firure. 

Fif .  S30  represents  a  cross  section  of  Fifj^.  6S9»  at  the  middle  cylin- 
ders a,  a;  b  b  mre  the  floating  pistons,  connoted  with  the  wrouglit  iron 
rods  c  e,  the  ends  of  which  rest  upon  the  bearing  brasses  of  the  axles  of 
the  wheels  d  d.  Tliese  pistons  press  eonally  on  aH  the  axles,  and  cause 
each, of  the  wheels  to  press  with  an  ec^nal  stress  upon  the  rails,  and  to  aet 

Tn  them  with  an  equal  degree  of  friction,  although  the  raila  shonid  ant 
be  in  the  same  plane,  for  the  liearing  brasses  hare  the  fiberty  f>r 
movinr  in  a  perpenoicuiar  direction  in  a  groove  or  slide,  and,  carrying 
the  axies  and  wheels  along  with  them,  force  the  wheels  to  accamnMKlate 
themselves  to  the  inequalities  of  the  rail-way. 

Fig.  694,  is  a  view  of  the  wheel,  witii  wrs»u^  iron  ams.  mmmmmm 
show  how  the  arms  are  cast  in  the  nave  b  b,  and  dropped  into  the  moitise 
holes  eeeece  in  the  rim,  which  are  dovetailed,  to  suit  the  dovetailed 
ends  of  the  arms  ddd  d  dd.  The  anus  are  heated  red  hot  previously  to 
dropping  them  into  the  holes,  in  order  to  cause  them  to  extend  snflieiently 
for  that  purpose,  for  when  cold  they  are  too  short  la  doing  this  tibey 
take  advantage  of  that  quality  whic&  iron  pNDSsesses  of  expanttng  oo  thie 
application  cf  heat,  and  of  contracting  again  to  its  former  dimensions  on 
cooling  down  to  the  same  temperature  from  which  it  was  raised ;  the 
arms,  therefore,  on  cooling  aie  drawn  with  a  force  snftcient  to  prodnce  a 
degree  of  combination  between  their  dovetailed  ends  and  the  mortiies  ei 
the  rim,  which  prevents  the  possibility  of  their  woifelng  loose ;  they  are 
afterwards  keyed  up ;  tiie  mortise  holes  are  also  dovetailed,  from  the  tail 
side  of  the  wheel  (a  a,  fig.  635)  to  the  crease  side  (b  b,  on  the  same 
figure). 

Fig  635,  is  a  cross  section  through  the  centre  of  the  wheel,  wHh 
wrought  iron  arms. 

Fig.  686  is  an  end  view  of  Fie«  flS5. 

Fig.  637  represents  a  view  of  their  edge  railway ;  shewing  a  rail  «. 
connected  with  the  two  adjoining  rails,  the  ends  oi  which  are  shewn  by 
b  b,  and  also  with  the  props  or  pedestals  on  which  they  rest,  d  d  show 
the  metal  chairs,  and  c  e  the  stone  supports.  Hie  joints  e  a  are  made  hj 
the  ends  of  the  rails  being  applied  to  each  other  by  what  is  denominated 
a  half  lap,  and  the  pin  or  bolt  g,  which  fixes  tiiem  to  each  other,  and  to 
the  chair  in  which  they  are  inserted,  is  made  to  fit  exactiy  a  hole  which  is 
drilled  tlurough  the  chair,  and  both  ends  of  the  rails  at  such  a  height  as  to 
allow  both  ends  of  the  rails  to  bear  on  the  chair,  and  the  bearanoe  beiag 
tiie  apex  of  a  curve,  they  both  bear  at  the  same  point.  Thus  the  end  of 
one  rail  cannot  rise  above  that  of  the  adjoining  <me;  for  although  the 
chair  may  move  on  the  pin  in  the  direction  of  the  line  of  the  road,  yet  the 
rails  win  still  rest  upon  the  curved  surface  of  their  bearance  without 
moving. 

Fig.  638  is  a  cross  section  of  their  edge  railway  through  the  middle  of 
one  of  the  chairs  a,  and  across  the  ends  of  the  t\yo  adjoining  rails  e  d  and 
the  pin  e  ;  f  h  the  stone  sup|>ort  or  sleeper. 
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Fig.  880  is  a  cftMS  Bectlon  of  a  rail  a,  at  the  Gentre*  and  shovs  the  car- 
riatre  e  behind. 

Fi^.  64018  a  plan  of  the  rail-way  described  at  fi^.  637,  shewing  the  • 
half  lap  joinings  of  the  ndls  c  c,  phu»d  in  their  carnages  dd. 

Fig.  641  is  a  Wew  «€  the  cast  iron  wheel  wifli  the  malleabto  iron  tjrre. 
This  wheel  is  made  with  curved  spokes,  as  shewn  at «  a  a  a^aa  a  a  a,  in 
the  fi^iire,  and  with  a  slit  or  aperture  in  the  rim,  shewn  at  b,  into  which 
a  key  is  inserted.  The  reason  of  this  is,  that  on  the  application  of  the 
hot  tyre  the  cast  metal  expands  unequally,  and  the  rim  is  liable  to  be 
cracked,  and  the  arms  drawn  off,  unless  the  first  is  previously  slit  or 
opened*  and  the  latter  curved,  which  .allows  them  to  accommodate  them- 
selvef  to  the  increased  (fiameter  of  the  wheel;  by  this  formation  of  the 
wheel  the  tj^re  ioight  be  forced  on  when  cold,  and  keyed  up  afterwards. 

Fig.  642  is  a  cross  section  of  ^g,  641,  through  the  centre,  a  a  show 
the  tyre,  bb  bb  show  the  metal  rim.  This  cast  metal  rim  is  dovetailed ; 
s»  tKat  when  the  tjpe,  which  is  dovetaOed  to  suit  it,  is  put  on  hot,  it  con- 
tracts and  applies  itself  to  the  rim  with  a  degree  of  adhesion  which  pre- 
vents its  coming  off  from  the  motion  of  the  wheel  on  the  rail- way.  This 
wheel  is  of  the  form  to  suit  an  edge  railway,  and  to  make  it  answer  for 
a  plate  rail  it  only  reifuire's  the  rim  to  be  round  or  flat. 

Fig.  643  is  an  end  view  of  fig.  641,  without  tiie  malleable  iron  tyre. 

Fig.  644  represents  a  view  of  a  roUey  or  tram-wheel,  calculated  to 
move  upon  a  plate  rsulway .  aaaa  show  the  malleable  iron  arms, 
fastened  to  the  projections  bbbb,  on  the  inside  of  the  rim  ecc,hy  the 
ho\U  dddd. 

Fir.  646  is  a  cross  section  of  fig.  644,  through  the  centre  of  the  wheel. 
a  m  show  the  arms,  e  c  the  rim,  d  d  the  bolts. 

Fig.  646  represents  a  view  of  a  rollejr  or  tram-wheel,  with  a  plate  of 
malleable  iron  a  a  a  a,  to  form  the  junction  between  the  nave  b  b  and  the 
cast  metal  rim  ecee. 

Fig.  647  is  a  cross  section  of  hg.  646.  a  a  show  the  plate  upon  whieh 
the  nave  6  6  is  cast,  e  c  show  the  cast  iron  rim  which  is  cast  upon  the 
plate,  the  edges  of  which  plate  are  previously  covered  with  a  thin  coating 
of  loam  and  charcoal  dust,  or  other  fit  substance,  to  prevent  the  too  inti- 
mate adhesion  between  the  iron  plate  and  metal  rim,  so  that  if  the  rim 
should  break,  it  can  easily  be  taken  off  and  replaced  by  casting  another 
on  the  plate. 

Fig.  648  represents  the  plate  railwa;^  on  their  plan.  At  the  end  of 
each  plate  are  projections  a  a  a  a,  to  fit  into  the  dovetail  carriage  b  b,  and 
at  each  end  of  each  plate  are  projections  or  tenons  ccc  c,  which  ^11  into 
the  mortise  hole  (i/,  in  Figs.  649  and  650)  in  the  carriage  b  b,  and  secure 
the  rail  from  an  end  motion ;  and  when  the  pin  or  key  e  is  driven  into  its 
pfaif  e,  it  secures  the  plates  from  rising,  thus  they  are  fixed  immovable 
tn  their,  carriages. 

Fig.  640  is  a  front  view  of  fig.  648. 

Fig.  650  is  a  plan  of  the  carriage,  in  which  a  a  show  the  nail  holes 
through  which  tne  nails  are  driven,  to  secure  it  to  the  sleepel*.  MHien 
the  rails  are  laid  in  this  carriage,  and  secured  by  the  pin  or  key,  they 
keep  theee  nails  from  starting  up  by  resting  upon  them. 

Fig.  651  is  a  cross  section  of  the  carriage,  and  the  end  of  one  of  the 
plate  rails. 

Fig.  629*  shews  a  rail  of  the  common  way,  inclining  out  of  the  horizon- 
tal position,  as  they  very  often  do  ifrom  the  yielding  of  the  props  or 
pemtals,  and  of  course  a  shock  is  sustained  by  the  waggons  in  passing 
the  joining  to  the  next  rail. 
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The  ease  with  which  cast-iron  can  be  made  into  any  re- 
quired shaoe  has  till  very  recently  given  to  rails  of  that 
material  a  decided  superiority  over  those  of  malleable-iron. 
But  the  brittlenest  of  the  fanner  renders  such  nils  very 
liable  to  be  biDken,  unless,  indeed,  they  be  of  such  sub- 
stance as  will  resist  the  eflfects  of  the  blows  or  ^ochs  to 
which  thcjT  are  exposed,  and  which  will  require  them  to 
be  of  considerably  greater  weight  than  otherwise  would  be 
necessary.  To  obviate  this,  numerous  experiments  have 
been  made  with  a  view  to  substitute  malleable-tron  for  oast- 
ron  rails. 

Rails  of  raalleable-iron  appear  to  have  been  first  used  at 
Lord  Ctflisle's  works,  atTindal  Fell,  in  Cumberiand,  about 
the  year  1806 ;  and  though  found  there,  and  also  at  two 
or  three  other  places  at  which  thev  were  tried,  to  be  a 
saving  in  tJ^e  first  cost,  and  much  less  liable  to  accident, 
they  have  not  till  very  lately  been  much  used.  In  fact,  it 
was  not  till  some  time  after  Mr.  Birkinshaw,  of  Ae  Bed- 
lington  Iron  Works,  had  obtained  a  patent  for  malleable- 
iron  rails  of  a  new  and  improved  construction,  that  ruls  ef 
this  material  came  into  competitioin  with  the  cast-iron  rails. 

The  form  of  the  malleable-iion  rails  previously  to  this 
was  that  of  a  parallelopipedon ;  which  was  liable  to  two 
objections,  either  that  the  narrowness  of  the  surfaces,  when 
compared  to  the  breadth  of  the  rim  of  the  carriage  wheel, 
was  so  considerable  as  to  expose  both  the  wheel  and  the  rail 
to  great  injury  from  wear ;  or,  if  the  breadth  of  the  rail 
was  increased  to  remove  this  objection,  the  weight  of  the 
rail  would  make  the  cost  amount  to  almost  a  prohibition  of 
its  use. 

Mr.  Birkinshaw  obtained  his  patent  in  October  1820; 
and  the  improvement  consisted  in  making  the  rails  in  the 
form  of  prisms,  though  their  sides  need  not  of  necessity  be 
flat.  The  upper  surface,  on  which  the  wheel  of  the  carriage 
is  to  run,  is  slightly  convex,  in  order  to  reduce  the  friction ; 
and  the  under  part,  which  rests  on  the  supporting  blocks, 
chains,  rests,  standards,  or  pedestals,  is  mounted  upon  the 
sleeper.  The  wedge  form  is  proposed,  because  the  strength 
of  the  rail  is  always  in  proportion  to  the  square  of  its 
breadth  and  depth.  Hence  this  form  possesses  all  the  strength 
of  a  cube  equal  to  its  square,  with  only  half  the  quantity  of 
metal,  and  consequently  half  the  cost  of  the  former  rail. 
Sufficient  strength,  however,  may  be  still  retained,  and  the 
weight  <tf  metal  further  reduced,  by  forming  the  bars  with 
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couMTe  sides,  which  is  the  form  of  rail  the  patenteedecidedly 
fttef&s,  although  the  prism  er  wedge  form,  in  all  its  vorie* 
ties,  is  the  prineiple  upon  wbioh  his  paCentHrigbt  ifrftmiided* 

The  mode  of  makiag  these  wedge-fertned  rails  of  malkap- 
hle-iron  is,  by  passitig  bars  of  iron,  when  heated,  thioagh 
i^llers,  hfmng  grooves  or  indenttttions  cut  upon  their  peri«* 
pfaeries,  agreeably  to  the  inl^ded  shape  of  the  bar  to  be 
produced.  But,  though  the  patentee  recommends,  and 
adopts  this  mode  as  the  most  eli^^ble  means  of  producing 
these  rails,  he  claims  the  exclusive  right  of  manufacturing 
and  rendering  the  wedge-formed  bars  or  rails  of  any  lengthy 
for  the  purpose  of  forming  or  constructing  rail-roads. 

The  advantages  derived  from  this  meth^  of  constructing 
railways  may  be  as  follows  :— 

1st.  The  original  cost  of  a  malleable-irou  railway  is  less 
tJian  a  cast*iron  railway  of  equal  strength. 

2dly.  As  the  rails  can  be  made  in  the  lengths  of  9,12,16, 
or  18  feet  each,  and  even  longer  when  required,  the  number 
of  joints  is  hereby  reduced ;  and  thus  is  removed,  in  a  great 
measure,  the  liability  to  which  the  short  rails  now  in  use 
are  exposed,  of  receiving  blows  and  shocks  from  the  car^ 
riages  which  move  over  them. 

Skily.  In  order  to  remedy  the  evil  arising  from  the  raHs 
being  imperfectly  joined,  the  plan  of  welding  the  aids  to* 
gether  has  been  adopted ;  by  this  means  making  one  con** 
tinned  rail  the  whole  length  of  the  road  without  any  joint 
whatever. 

4thly.  It  hence  follows,  that  on  iron  railways,  the  loss  of 
coals,  occasioned  by  the  jolting  of  the  waggons  at  the  joints 
of  the  rails,  and  the  injury  done  to  the  wheels,  the  car-^ 
riages,  and  engines  from  the  same  cause,  are,  if  not  entirely 
prevented,  at  least  considerably  diminished. 

In  September,  1821,  Mr.  Losh  took  out  another  patent 
for  further  improvements  in  the  construction  of  rail- 
ways. These  improvem^tits  consist,  first,  in  fixing  bars  of 
Bftalleable  iron  on  the  upper  surface  of  a  line  of  cast  or 
malleable'  iron  rails,  of  whatever  form  such  rails  may  be, 
in  the  longitudind  direction  of  the  rails  when  laid,  so  as  to 
form  an  uninterrupted  line  the  whole  length  of  the  bar, 
which  may  be  as  long  as  it  shall  be  found  convenient,  and 
of  the  same  breadth,  or  a  little  broader  or  narrower  than 
the  upper  surface  of  the  rails  to  which  it  is  fixed.  Secondly, 
in  fixing,  in  some  cases,  a  band  or  strap  of  malleable  iron 
to  the  under  surfictce  of  cast-iron  rails,  in  order  that  such 
strap  or  band  may,  by  its  power  of  tctision,  give  support  to 
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the  coheaion  of  tbe  parts  of  GMt  iron  nilsy  and  admit  of  it» 
being  made  lighter,  of  less  expense,  and  less  liable  to 
breakwe.  Thirdly,  in  forming  a  nul,  by  fixing  two  barsof 
mallwle  iron  on  their  sides  or  edges,  and  fijong  them  in 
that  position  by  bolts  and  studs,  or  huv  other  conFenient 
method ;  and  in  placing  and  fixing  on  tLeir  upper  edges  a 
flat  bar  of  malleaole  iron,  or  one  which  is  slighUy  curved  or 
rounded  at  the  edges  to  diminish  friction,  so  that  the  bar 
or  plate,  placed  and  fixed  on  the  upper  edges  of  the  two 
malleable  iron  bars,  shall  form  the  surface  upon  which  the 
wheels  of  the  caniage  are  to  revolFC* 

Mr.  Losh  states,  in  the  specification  of  his  patent,  that 
rail-roads  are  now  become  so  general,  that  for  the  infor- 
mation of  mechanical  men,  or  those  who  have  the  direc- 
tion of  constructing  and  laying  them,  drawings  would  be 
ouite  superfluous ;  he  therefore  proceeds  to  state  the  me- 
tnods  which  he  has  found  the  most  convenient,  for  forming 
the  junction  of  the  plate  or  flat  bar,  which  he  iq[>plies  upon 
the  surface  of  the  body  of  the  rail ;  and  also  the  mode  by 
which  he  attaches  the  band  or  strap  to  the  lower  edge  of 
the  cast  iron  rail. 

He  recommends  the  dimensions  of  the  bars  meant  to  form 
the  upper  surface  of  a  railway,  calculated  to  carry  locomo- 
tive engines  of  seven  or  eight  tons,  and  waggons  of  three  or 
four  tons  weight  each,  to  be  fifteen  or  sixteen  feet  long, 
(wo  and  a  quarter  inches  broad,  and  half  to  five-dghths  of 
an  inch'  thick.  At  every  eighteen  inches  or  two  feet  of  the 
length  of  this  surface-plat^  a  tenon  is  firmly  welded  or 
riveted ;  or  otherwise  attached  to  the  under  side,  taking 
care  in  this  operation  to  leave  the  upper  surface  of  ^e  plate 
even  as  before.  These  tenons  have  holes  through  them  in  the 
transverse  direction  of  the  bars,  to  take  a  pin  or  rivet  of 
from  about  a  quarter  to  half  an  inch  in  diameter ;  and  at 
each  extremity  of  the  plate,  a  tenon  is  fixed  on  by  welding, 
havinff  previously  cut  off  a  piece  of  about  two  inches  long, 
and  of  half  the  breadth  of  the  bar,  from  the  opposite  ends  of 
the  bar  or  plate,  and  at  the  opposite  angles,  so  that  when 
two  bars,  so  prepared,'are  brought  to  join  at  the  ends,  the 
joint  b  what  is  denominated  a  half-lap,  or  scarfed  joint. 

If  it  be  required  to  place  malleable  iron  plates  or  bars  on 
cast  iron  rails,  nothing  more  is  necessary  than  to  make  the 
rails  with  mortise  holes,  to  receive  the  tenons  with  trans- 
verse holes,  to  correspond  with  those  in  the  tenons  fixed  on 
the  plates ;  and,  after  placing  the  rails  in  theii*  chairs  or 
carriagesi  to  apply  the  plate  to  the  surface  of  the  rails,  and 


AND    MACHINIST.  653 

to  drop  the  tenons  into  the  mortise  holes,  and  to  secure 
them  there  by  a  pin  driven  tightly  into  and  through  the 
transverse  holes  of  the  tenons  and  mortise  holes.  The 
mortise  boles  are  made  in  the  rails  by  placing  a  core  in  the 
mould  previously  to  running  in  the  metal,  and  lest  this 
core  should  weaken  the  rail,  it  is  advisable  to  add  as  much 
metal  on  the  outside  of  the  rail,  in  the  form  of  a  boss,  where 
the  hole  is,  as  will  make  up  the  deficiency.  A  chair  is  then 
placed  on  a  pedestal  at  evei^  three  or  four  feet  distance,  less 
or  more,  according  to  the  length  of  the  cast  iron  rails  ;  and 
c^ach  of  these  must  be  supported  at  its  ends :  these  rails  are 
generally  made  with  half-lap  joints,  and  to  rest  on  a  curb 
bearance.  Care  is  taken  that^  where  the  ends  of  the  sur&ce- 
plates  meet  to  form  a  joint,  they  shall  be  sustained  by  a  chair; 
and  the  reason  for  making  the  joints  half«-lapped,  or  scarfed, 
with  tenons  welded  to  these  half  laps  is,  that  one  pin  or  bolt 
will  secure  both  the  adjoining  ends  of  the  surface-plates,  and 
of  the  bars  of  cast  iron,  more  perfectly  in  the  chair,  than  any 
other  known  contrivance,  when  the  bearance  is  the  apex  of 
a  curve.  Surface-plates  thus  prepared  with  tenons,  as 
described  above,  may  be  attached  and  fixed  to  the  upper 
surface  of  a  series  of  malleable  iron  rails  placed  in  chairs, 
which  rails  consist  of  flat  bars  (generally  three  or  four  feet 
long,  more  or  less,  but  sometimes  also  as  loi^^  as  the  sur- 
face plate),  fixed  on  their  thin  edges, .  so  as  to  present  the 
greatest  resistance  to  a  weight  bearing  upon  them.  For 
this  purpose,  pins  or  rivets  may  be  driven  through  the 
transverse  holes  in  the  tenons  on  the  surface-plate,  and  the 
corresponding  transverse  holes  made  in  the  supporting  bars ; 
and  thus  may  be  formed  a  cheap  and  very  serviceable  rail- 
way. In  this  case,  the  supporting  bars  should  not  be  less 
than  two  and  a  half  inches  deep,  by  half  an  inch  thick,  if 
meant  to  carry  locomotive  engines.  For  smidler  carriages, 
the  bars  may  be  of  less  dimensions,  in  proportion  to  the  de- 
creased weight  of  the  carriages. 

Informing  the  rail,  consisting  of  a  plate  of  malleable 
iron,  supported  by  two  flat  bars  of  the  same  material,  Mr. 
Losh  prepares  the  surface-plate  as  above  with  tenons,  and 
having  fixed  the  two  bars  intended  to  support  it  on  their 
edges,  parallel  to  each  other,  in  a  series  of  chairs,  and  se- 
cured them  in  that  position  by  bolts  passing  through  them, 
arid  by  intervening  studs,  to  keep  them  at  a  proper  distance, 
which  is  such,  that  the  sides  or  edges  of  the  snrface^plate, 
which  may  be  a,  little  curved  or  rounded,  to  diminish  the 
friction  from  the  wheels  passing  over  it,  shall  project  about 
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a  quarter  of  an  inch  beyond  them.    By  these  intervening 
flCads,  the  snrfaoe-plate  is  laid  npon  theni^  and  the  tenons 
are  dropped  in  between  them,  and  fixed  by  pins  or  bolts 
passing  in  a  tnmsverse  direction  tbrongh  holes  in  the  bars, 
iHiich  are  made  to  correspond  mth  holes  in  the  tenons, 
and  thus  securing  them  as  if  they  were  in  mortise-holes. 
The  strap  or  band  of  malleable  iron  is  fixed  by  Mr.  Losh  to 
the  nnder  edge  of  the  cast-iron  rail,  by  perforating  both 
ends  of  the  strap^  near  the  extremities,  with  along  hole,  cal- 
culated to  pass  over  studs  of  malleable  iron  which    are 
fixed  at  eacn  end  of  the  rail,  by  being  ran  at  the  time  of 
casting  tbe  rail  or  otherwise.    The  studs  should  be  about 
one  and  a  half  inches  broad,  by  three- eighths  of  an  inch 
thick,  and  placed  so,  that  when  the  strap  has  been  pat  over 
them  in  a  oeated  state,  it  cannot,  in  contracting,  slip  its 
bold  ;  but  will,  on  the  contrary,  fix  itself  the  closer,  lliese 
struM  are  made  of  malleable  iron  bars,  about  one  and  a 
half  inches  broad,  three-eighths  to  half  an  inch  thick,  and 
of  such  length  as  to  draw  strongly  against  the  studs  and 
bottom  of  the  rail,  when  in  its  position.    The  under  edge 
of  the  cast  iron  rail  to  which  this  strap  is  applied  being 
curved,  it  will,  when  tbe  strap  is  fixed  upon  the  studs,  by 
an  extension  of  its  length  by  heat,  apply  itself  firmly  to, 
and  support  every  part  of  the  lower  edge  of  the  rail,  in  con- 
tracting, by  parting  with  its  heat;  and  till  the  power  of 
tension  of  this  strap  is  overcome,  and  it  extends  m  length, 
or  the  studs  break,  the  rul  cannot  give  way. 

Many  other  methods,  peiiiaps  equally  secure,  may  be 
made  use  of  to  place  and  fix  surface-plates  on  the  surface  of 
rails ;  but  Mr.  Losh  prefers  the  plan  pointed  out,  by  te- 
nons and  mortise-holes,  and  by  rivets  passed  through  holes 
in  such  tenons,  and  through  corresponding  holes  in  the 
supporting  bars ;  because,  when  worn  or  damaged,  these 
plates  can  easily  be  taken  off  and  replaced,  without  injury  to 
that  part  of  the  rail  which  supports  them. 

Tlie  principal  patents  obtained  before  the  above  described, 
aie  those  by  Bloikinsop,  Brunton,  and  Chapman;  specifi- 
cations and  drawings  of  which  may  be  seen  in  die  Reper- 
tory of  Arts. 

Mr.  Blenkinsop's  patent  was  obtained  the  10th  of  April, 
1811,  and  is  for  a  method  of  fixing  into  the  ground  a 
toothed  rack,  or  longitudinal  piece  of  cast  iron,  or  odier  fit 
material,  having  teeth,  or  protuberances,  into  which  a 
toothed  or  cogged  wheel,  connected  with  a  k>comotive  car- 
iii«e,phiya. 
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Mr.  Brnpiou's  pat^t  was  taken  out  tbe  23n(l  of  May» 
1813^  and  is  for  a  method  of  propelling  machiues  along  a 
railway  by  means  of  two  or  more  bars  or  legs,  which,  by 
receiving  a  reciprocating  motion  from  a  steam  engine,  act 
against  the  fi[round  like  a  man's  legs^  when  in  the  act  of 
walking.  These  bars  or  l^s  are  constructed  of  metal  or 
wood,  and  of  such  length  that,  during  the  act  of  propulsion^ 
the  angle  formed  by  the  said  bars  or  legs  and  the  surface  of 
the  road  may  be  such,  as  to  afford  sufficient  resistance  from 
the  materials  propelled  against  to  overcome  the  friction  of 
the  body  to  be  moved.  This  angle  admits  of  considerable 
latitude ;  but  will  be  found  to  answer  best  wben  between 
50  and  70  d^rees. 

The  reader  has  now  been  informed  of  the  principal  patents 
that  have  been  taken  out  for  improvements  in  rail-roads. 
71ie  rails  most  in  use  are  those  of  cast-iron  by  Losh  and 
Stephenson,  and  of  malleable-iron  by  Birkinshaw. 

Previously  to  constructing  a  railway,  it  is  necessary  to 
ascertain,  as  accurately  as  the  nature  of  the  thing  will  ad* 
mit,  the  quantity  of  lading  expected  to  traverse  each  way 
upon  its  line.  For  if  the  weight  of  the  carriage  of  merchan* 
dize,  &c.  be  more  in  the  one  direction  than  in  the  other^  as 
will  frequently  be  the  case  in  forming  a  line  of  railway  from 
a  manufacturing  or  mining  district  to  a  town,  the  railway 
must  have  a  gentle  inclination  or  descent ;  but  if  the  lading 
is  expected  to  be  nearly  equal  in  both  directioos,  with  a 
prepcH3derance  at  oertain  periods  only,  the  railing  musty  in 
such  case,  be  set  out  in  levels^  or  in  lines  nearly  level, 
and  the  ascents  and  descents  made  by  planes  inclined  ac^ 
cordingly. 

That  the  reader  may  see  the  necessity  of  paying  due  at- 
texktion  to  this  point,  we  shall  show  the  advantages  that  will 
result  from  constructing  railways  with  a  gentle  gradual 
descent,  when  the  carriage  of  the  articles  of  trade  are  con- 
skterabiy  more  in  one  direction  than  tbe  other. 

Dr.  Armstrong,  in  his  Recreations  in  Agriaultai«9  oIh 
serves,  that  ahorse,  travelling  at  the  usual  rate  that  waggons 
move,  would,  with  ease,  under  favourable  circumatances, 
cfaraw  20  torn :  but  Mr.  Fulton  says,  that  five  tons  to  a  bone 
ia  the  average  work  on  railways,  descending  at  the  »le  oi 
three  miles  per  hour ;  or  one  ton  ii{>wards  with  the  same 
speed.  Mr.  Telford,  an  experienced  engineer,  Qbaecvesj 
that  on  a  railway  well  constructed,  and  laid  with  adodivity 
of  50  feet  in  a  mile,  one  horse  will  readity  lake  down  wag*- 
g^Ms  containing  12  to  15  tons ;  and  bring  back  the  same 
waggons  with  four  tons  in  them.    Mr.  Joaeph  Wilkes,  in 
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1799  Stated,  that  a  horse  of  the  value  of  90/.  drew  down  the 
declivity  of  an  iron  road,  -f^ibs  of  an  inch  in  a  yard,  81*  car- 
riages or  waggons,  laden  with  coals  and  timber,  weighing  35 
tons,  overcoming  the  vU  inertia  repeatedly  with  ease.  The 
same  horse,  up  this  declivity,  drew  five  tons  with  ease.  On 
a  different  railway,  one  horse,  value  301.  drew  21  waggons 
of  five  cwt.  each,  which,  with  their  loading  of  coals, 
amounted  to  43  tons  eight  cwt.,  down  the  declivity  of  l-3d 
of  an  inch  in  a  yard ;  and  up  the  same  place  he  afterwards 
drew  seven  tons  ;  the  cv^t.  in  all  these  experiments  by  Mr. 
W.  being  12Qlb8. 

Though  in  the  preceding  statements  there  is  an  apparent 
variance,  the  authors  are  not  the  less  entitled  to  credit ;  be- 
cause the  variations  may  have  arisen  from  difference  in  the 
physical  strength  of  the  animals,  or  in  the  method  of  con- 
stnicting  the  railways.  To  make  the  case,  however,  as 
clear  as  possible,  we  shall  here  present  our  readers  with 
some  observations  and  calculations  deduced  from  known 
data,  which  have  lately  appeared  in  a  very  able  pamphlet, 
entitled  *^  A  Report  on  Rail-Roads  and  Locomotive  Ehgmes,'^ 
by  Mr.  Charles  Svlvester,  civil  engineer. 

Mr.  Sylvester,  havine  made  some  judicious  observations 
on  the  principles  of  railways,  and  the  nature  of  the  fiiction 
to  be  overcome,  states,  that,  ^'  agreeEd[>ly  to  the  principles 
laid  down  in  the  commencement,  when  a  force  is  applied 
equal  to  the  friction,  the  smallest  force  above  that  would, 
if  eontinued,  generate  any  required  velocity.  But  it  will 
be  desirable  to  have  such  a  force  at  command,  as  will  ge- 
nerate the  necessary  velocity  in  a  short  time,  and  when  that 
has  been  accomplished,  to  Tcducc  this  force,  but  still  to  leave 
it  fully  equal  to  the  friction.  If  any  part  of  the  route  has  an 
inclination,  there  ought  to  be  an  extra  force  at  command^ 
above  what  would  be  required  for  a  dead  level.  The  plane 
on  which  this  experiment  was  made,  inclined,  in  the  direc- 
tion of  the  load,  about  -^  of  an  inch  to  a  yard.  This  is  as 
great,  or  perhaps  a  greater,  inclination  than  any  rail-road 
ought  to  have,  where  loaded  carriages  go  up  and  down. 
The  moving  force  ought,  therefore,  to  be  cdways  peater 
than  the  fnction  add^  to  the  force  which  is  required  to 
overcome  the  inclination  of  the  plane.  Tlie  latter  force 
assists  the  body  to  go  down,  and  equally  resists  it  in  moving 
upwards. 

^^  On  this  account''  says  he,  ^'  I  have  used,  or  supposed,  a 
moving  force,  which  will  give  the  velocity  of  5  miles  an  hour, 
or  7t  feet  per  second,  in  the  space  of  one  minute.  This  will 
be  performed  down  the  above  plane  by  the  engine  making 
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4&  strokes  per  miante^  (tbe  circumference  of  the  wheel 
being  nine  feet),  with  a  pressure  of  Q'T^bs.  upon  an  inch,  of 
each  of  the  two  cylinderSj  the  area  of  each  being  63*6  square 
inches.  The  weight  of  the  engine  and  16  waggons  is  equal 
to  154,560Ibs,  or  nearly  70  tons.  The  velocity  of  five  miles 
an  hour  being  acquired  after  one  minute,  the  only  force  to 
keep  the  whole  in  motion,  ti  the  same  rate,  will  be  the  dif- 
ference between  the  gravity  of  the  weight  down  the  plane 
and  the  friction.  The  friction  is  9001bs ;  the  gravitating 
force  of  the  weights  down  the  plane  5401bs ;  therefore  900 
-  540  =  3601bs- 

^^  If  the  same  weight,  at  that  speed,  had  to  move  on  a  dead 
level,  and  acquired  the  same  velocity  in  one  minute  as  be^ 
fore,  the  moving  force  would  require  to  be  17811bs.  which 
would  require  a  pressure  of  I3*71bs.  upon  one  inch.  But 
after  the  speed  is  obtained,  it  will  require  only  Tibs,  to  keep 
it  moving  at  the  same  rate.  If  the  same  load  were  re^iuired 
to  move  up  the  plane,  it  would  require  a  moving  force  of 
23281bs.  or  a  pressure  upon  every  square  inch  of  IS'Slbs. 
And  this  velocity  would  be  kept  up  by  a  constant  pressure 
of  14471b8.  which  will  be  ll'Slbs.  upon  every  inch  of  the 
piston. 

^^  In  starting  the  engine,,  in  the  first  instance,  and  giving 
the  required  velocity,  it  is  probable  the  effects  will  agree 
very  nearly  with  these  calculations;  namely,  154,5601bA. 
moved  at  the  rate  of  five  miles  an  hour,  with  a  pressure  of 
9'71bs.  upon  every  inch  of  the  piston.  Whether  the  pres*- 
sure  were  reducea  to  the  difference  between  the  friction  and 
the  force  upon  the  plane,  which  is  calculated  at  2*81bs.  it  is 
difficult  to  say,  as  there  was  no  steam-gauge  to  indicate  the 
pressure  when  the  engine  was  going/' 

In  table  1,  at  a  more  advanced  part  of  the  work, 
Mr.  Sylvester  states,  that,  when  the  engine  is  requirckl  to 
travel  at  the  rate  of  ninemiles  per  hour,  the  force  necessary  to 
overcome  the  weight,  154,5601ds.  will  be  for  the  first  minute, 
when  the  engine  is  travelling  on  a  level  2890*611bs ;  when 
moving  down  the  plane  2461'611bs ;  and  when  moving  up 
the  plane  3320'Ollbs.  But  that^  when  the  velocity  is  at- 
tained, a  force  that  will  balance  the  friction  is  sufficient  to 
keep  up  the  required  velocity.  This  force  is,  for  travelling 
on  a  level,  dOOlbs  ;  for  moving  down  the  plane,  4711bs ;  and 
for  moving  up  the  plane  13291bs. 

By  this,  therefore,  it  is  e\ddent  that,  when  the  lading  is 
pexpected  to  be  considerably  more  in  one  direction  of  the 
line  of  rail-road  than  it  is  in  the  other,  the  advantage  which 

2U 
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^^ill  arise  'fh>m  making  the  road  with  a  gende  alope,  ia  very 
great.  This  Icind  of  railing  is  also  preferable  when  the  la^ 
ding  is  only  equal  at  certain  periods.  For  then  the  expense 
of  extra  horses^  to  draw  the  additional  weights  up  the  plane 
dnring  these  periods^  will  fall  infinitely  short  of  tne  expense 
aaved  by  making  the  plane  with  a  gentle  inclination. 

The  necessary  preliminaries  being  settled,  the  engineer 
will  obtain  much  greater  facility,  as  also  a  diminution  of  ex- 
pense, bv  beginning  to  lay  down  the  rails  on  any  part  of  the 
intendea  line  of  road  where  stone,  gravel,  and  otner  mate- 
rials that  are  wanted,  are  to  be  most  conveniently  had ;  as, 
ly  that  means,  he  will  evade  the  slow  and  expensive  mode 
of  common  cartage. 

The  immense  sums  that  have  been  invested  in  the  bands  of 
certain  companies,  for  the  purpose  of  establishing  general 
lines  of  rail-road  throughout  the  country,  have  excited  mubh 
interest  and  elicited  many  able  papers  from  practical  men, 
in  several  of  the  publications  of  the  day.  Amongst  these, 
.perhaps  those  inserted  in  the  Scotsman,  an  Edinburgh  news- 
paper, and  in  the  Manchester  Guardian,  arc  the  most  dc* 
serving  of  our  notice. 

The  Scotsman  first  commences  with  some  theoretical 
statements,  and  then  continues : 

Having  developed  the  theory  of  the  motion  of  carriages 
on  horizoQtal  railways,  we  shall  have  little  more  to  do  with 
mathematical  discussions,  and  shall  now  lum  our  attention 
to  points  of  a  practical  nature,  better  adapted  to  the  taste  off 
ordinary  readers.  But  first,  we  shall  bring  under  the  eye 
again,  the  effect  of  a  given  quantity  of  power  on  a  railway, 
and  on  a  canal,  in  a  calm  atmosphere — for  it  is  only  in  a 
calm  atmosphere  that  the  results  can  be  propeHy  compared. 
We  have  found  that  a  boat  weighing  with  its  load  ia  tons^ 
ttnd  a  umggtm  of  the  same  weight,  the  one  on  a  canal,  and  tbb 
other  on  a  raiUway,  would  be  impelled  at  the  following  rates, 
by  the  following  quantities  of  power — which  we  have  stated 
both  in  pounds  and  in  horse  power-^reckoning  one  horse 
power  equal  to  180  pounds. 
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We  haw  not  taken  into  acoouot  the  time  lost  in  over- 
comiug  the  inertia  of  the  waggoo  where  a  smaH  power  is 
applied,  because,  io  point  of  fact,  the  casual  resistance  of 
the  wind  woold  render  it  necessary  to  provide  doable  or 
triple  the  power  above  stated.    Bat  if  necessary,  the  time 
lost  by  the  slow  motion  at  first  might  be  saved.    Suppose 
there  are  a  certain  nomber  of  places  where  the  steam-coach 
ac  waggon  was  to  stop,  to  take  in  or  put  out  passengers  or 
goods;  and  fertber,  that  the  wi^^n,  by  travelling  a  few 
miles,  has  acquired  an  uniform   velocity  of  20  nules  ab 
hour.    Then,  if  it  is  made  to  ascend  an  inclined  plane  of  10 
feet  perpendicular  height,  this  velocity  will  be  extinguished, 
and  the  vehicle  will  stop  at  the  head  of  the  plane.    When 
it  is  to  proceed  again  on  its  journey  its  descent  along  an  in- 
clined plane  of  the  same  height  on  the  other  side,  will  enable 
it  to  recommence  its  career  in  a  few  seconds  with  the  full 
velocity  of  20  miles  an  hour.    By  raised  platforms  of  this 
kind,  at  the  two  extremities  of  the  journey,  and  at  the  in- 
termediate stages,  the  velocity  thus  generated,  might  be 
treasured  up  for  permanent  use.    The  platforms  should  be 
of  different  heights,  corresponding  to  the  various  velocities 
of  the  vehicles  plyiog  on  the  railway.    But,  in  point  of 
fact,  the  terminal  velocity  is  attained  so  soon  from  a  state  of 
rest,  that  this  contrivance  would  probably  be  found  un- 
necessary. 

Where  locks  or  lifts  occur,  'the  'stationary  steam-engine 
should  drag  up  the  vehicle  (supposing  it  to  be  along  an  in- 
clined plane),  not  simply  from  the  one  level  to  the  other, 
but  to  a  platform  some  feet  above  the  higher  level,  that  the 
vehicle,  by  its  descent,  might  recover  the  lost  velocity.  It  is 
plain,  however,  that  when  the  difference  of  level  did  not 
exceed  eight  or  ten  feet,  the  momentum  of  the  vehicle 
woold  carry  it  up  without  any  assistance  from  a  stationary 
engine,  and  with  merely  a  small  temporary  loss  of  velocity. 

Son>e  persons  imagine  erroneously  that  teethed  wheels 
and  rackwork  would  be  necessary  where  the  railway  was 
not  perfectly  level.  But  the  friction  of  iron  on  iron  being 
25  per  cent,  of  the  weight,  if  the  whole  load  was  upon  tKe 
wheels  to  which  the  moving  power  was  applied,  and  if  the 
qaantity  of  power  was  sufficient,  the  waggon  would  ascend 
without  slipping  though  the  plane  rose  one  foot  in  four-^ 
while  even  cart  roads  scarcely  ever  rise  more  than  one  foot 
in  18  or  20.  If  four-fifths  of  the  load,  however,  were  placed 
on  separate  cars,  and  only  one-tenth  of  the  whole  pressor^, 
for  instance,  was  upon  the  axle  to  which  the  moving  force 
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WM  applied,  the  power  of  asoent  by  frictioo  woold  only  be 
one-teoth  of  ooe  foot  in  four,  or  one  foot  in  forty. 

The  steam  engiue,  as  we  commonly  see  it,  is  so  bailey^ 
and  with  the  addition  of  its  fad  and  supply  of  water,  so 
ponderous,  as  to  create  an  impression  on  a  first  view.  Chat 
Its  whole  power  wonld  scarcely,  onder  the  most  &voarable 

.eircamstances,  transport  its  own  weight.  The  steam^boat, 
however,  which  cots  its  way  through  the  ocean,  in  defiance 
of  tide  and  tempest,  shews  that  this  is  a  mistake.  For  all 
velocities  above  foar  miles  an  honr,  the  locomotive  engine 
will  be  foood  superior  to  the  steam-boat ;  that  is  to  say,  it 
will  afibrd  a  greater  amoont  of/ree  power,  above  what  is  re- 
quired to  mo?e  its  own  weight. 

U  We  have  seen  various  statements  respecting  the  loco- 
motive engine,  few  of  them  so  detailed  as  could  be  desired — 
from  which  we  subjoin  the  following  particulars : 

Trevithick  and  Vivian's  high  pressure  locomotive  en« 
gine,  with  a  cylinder  of  eight  inches  diameter,  and  a  pres- 
sure of  65  pounds  per  square  inch  (apparently  about  eight 
horse  power),  drew  carriages  containing  ten  and  a  half  tons 
of  iron,  at  five  and  a  half  miles  per  hour,  for  a  distance  of 
nine  miles.  (Stuart's  History  of  Steam  Eugioe,  p.  164.) 
Whether  on  a  road  or  railway  is  not  mentioned. 

We  find  it  stated  in  a  Liverpool  paper,,  as  the  result  of 
inquiries  made  respecting  the  locomotive  engines^  that  one 

.  of  these,  of  ten  horse  power,  conveys  fifty  tons  of  goods  at 

.  the  rate  of  six  miles  an  hour  on  a  level  railway.     But  was 
the  road  au  edge  or  tram  road  ? 
Mr.  Blenkinsop  states,  in  replies  to  queries  put  by  Sir 

,  John  Sinclair,  that  his  patent  locomotive  engine,  with  two 
eight-inch   cylinders,    weighs   five  tons,    consumes.  2-3d 

.  cwt.  of  coal,  and  fifty  gallons  of  water  per  hour,  draws  27 
waggons  weighing  94  tons  on  a  dead  level,  at  three  and  a 
half  miles  per  hour,  or  15  tons  up  an  asceut  of  two  inches 
in  the  yard ;  when  ^  lightly  loaded'  travels  10  miles  an  hour, 
does  the  work  of  16  horses  in  12  hours,  aud  costs  4(X)1. 
Another  person  says,  that  the  weight  of  this  engine  with  its 

.  water  and  coals  is  six  tons,  and  that  it  draws  40  or  50  tons 

.  (waggons  included)  at  four  miles  an  hour  on  a  level  rail- 
way.    (Repertory  of  Arts,  1818,  p.  19-21    This  seems  to 

.  have  been  a  high  pressure  engine  of  about  eight  or  ten 
horse  power.  But  we  are  not  informed  what  sort  of  rail- 
way it  worked  on,  bow  long  its  journies  were,  or  what  is 
meant  by  ^  lightly  loaded.' 

We  shall    take  for  granted  then  that    an  eightrborse 
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power  high  pressure  engioe,  with  its  charge  of  wat^  and' 
coal,  and  with  the  car  which  bears  itt  weighs  six  tons,  and 
thai  it  requires  an  additional  su()ply  of  100  weight  of  coal, 
and  400  weight  of  water  for  each  hoar  it  works.    This  is 
very  consistent  with  other  ascertained  facts.    We  find^  for 
instance,  in  the  parliamentary  report  on  steam  navigation, 
that  the  low  pressure  engines  used  in  vessels,  which  are  - 
made  twice  as  strong  as  stationary  engines,  weigh  about  one 
ton  and  one-fifth  for  each   horse   power,  including  their  ' 
charge  of  water  and  coal.    Now  the  high-pressure  engines 
want  the  condensing  apparatus  which  must  diminish  the 
weight  probably  by  one-fourth  part.    The  estimate  for  coal 
we  have  increased  one-half,  because  we  think  it  rather  below 
the  troth.     It  is  only  about  nine  pounds  per  hour  for  each  * 
horse  power,  while  Mr.  Watt  allows  twelve  pounds  for  bis 
low  pressure  engines. 

It  follows,  therefore,  that-an  eight-horse  power  locomo- 
tive engine,  with  coal  and  water  for  eight  hours,  would  * 
weigh  eight  tons.  Hence,  bulky  and  ponderous  as  the 
steam-engine  appears,  we  find  ,tbat  a  locomotive  engine, 
weighing  eight  tons,  moves  &0  tons  beside  itself,  (taking  the 
more  moderate  estimate,)  that  is,  it  consumes  only  one- 
seventh  part  of  the  power  it  creates,  when  travelling  at  four 
miles  an  hour ;  or  the  free  power  applicable  to  other  pur- 
posesy  is  seven-eighths  of  the  whole.  This  is  the  result  of  an 
early  experiment,  made  probably  upon  a  rail-road  not  of  the 
best  kind,  and  with  vehicles  much  less  perfect  than  they 
may  yet  be  rendered.  Though  it  falls  much  under  the  effect 
calculated  theoretically,  it  does  not  strike  us  as  being  incon- 
sistent wUh'  the  truth  of  the  principles  on  which  the  calcu- 
lation was  founded. 

The  high  pressure  engine,  on  account  of  its  smaller 
weight  and  bulk,  is  evidently  best  adapted  for  railways ;  and 
it  can  be  used  with  perfect  safety,  because  it  may  be  easily 
placed  in  a  car  by  itself,  a  few  feet  before  the  vehicle  in 
which  the  passengers  are.  The  vehicle  itself,  by  its  regular 
and  steady  motion  on  the  railway,  would  answer  the  pur- 
pose of  ^Ljly-wheel  in  the  most  perfect  manner.  The  en-> 
gine  might  run  upon  six  wheels,  which  should  be  locked  ' 
together  by  teeth  pinions,  that  the  tendency  to  slip  might  be  ' 
resisted  by  the  friction  of  the  whole  mass  of  eight  tons. 

The  best  form  of  a  steam  coach  for  the  conveyance  of 
passengers  would  probably  be  the  following : — A  gallery 
seven  feet  high,  eight  wide,  and  100  feet  in  length,  formed  ' 
into  10  separate  galleries  10  feet  long  each^  connected  with  «: 
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cttob  olher  by  jomIs  ivorkiiig  horiioMally,  ta  Mow  the  inui 
to  bend  where  the  road  toraed.  A  narnnr  ooirered  fooc- 
wi^,  ftospeoded  aa  the  outside  over  the  wheels  on  one  side, 
would  serve  ss  m  cofseaoii  mesiis  of  comAenication  fior  the 
whole.  Oo  the  other  side  might  be  onlside  seats^  to  be  used 
in  fine  weather*  The  lofi,  sorroonded  mth  a  rail.  Blight 
also  be  a  sitting  place  of  prouieoade^  like  the  deck  of  a 
track  boat.  Two  of  the  10  rooms  night  be  set  apart  for 
cookings  stores,  and  various  aocommodatioiis ;  the  other 
eight  woold  lodge  100  luuseogers,  whose  weight,  with  that 
of  their  luggage^  might  be  12  tons*  The  coach  itself  m^jht 
be  13  tons  more ;  and  that  of  the  locomotive  machine,  eight 
tons,  added  to  these,  woold  make  the  whole  32  tons.  Each 
of  the  short  galleries  might  have  foar  wheels ;  but  to  leaseu 
the  frictioo»  the  two  first  wheels  only  shoold  be  grooved,  the 
two  last  cylindrical,  and  three  or  foor  times  as  broad  as  the 
thickness  of  the  rail*  The  conveyance  of  goods  woold  be 
effected  by  a  train  of  small  waggons  loosely  attached  to  each 
other. 

It  will  be  observed  from  the  table  we  have  given  above, 
that  it  would  require  seven  horse  power  to  impel  a  steam- 
boat weighiug  15  tons  at  12  miles  an  hour.  This  gives  a 
load  of  two  tons  so  moved  ;  however,  the  engine,  if  a  low 
pressure  one,  with  wateraod  eight  hours'  coals,  would  weigh 
nearly  10  toes,  and  the  vessel  would  weigh  at  least  &ve ;  so 
that  the  whole  power  of  the  engine  would  be  expended  in 
impelling  itself  and  the  ship  containing  it*  at  the  supposed 
rate,  and  no  Jree  power  would  remain  for  freight.  Facts 
show  that  the  resistance  is  actually  rather  greater  in 
water  than  theory  in  this  case  represents  it.  We  have  cal- 
culated from  data  furnished  by  the  Parliamentary  Report  on 
steam  navigation,  that  the  entire  burden  on  the  engine  in 
vessels  going  only  eight  or  nine  miles  an  hour  in  catni 
weather*  rarely  exceeds  three  tons  for  each  horse  power, 
while,  according  to  the  table,  it  should  be  five  tons^  Indeed, 
in  our  common  steam*vessels  for  passengers,  going  eight  or 
nine  miles  an  hcwr,  the  ship  and  engine  may  be  considered 
as  constituting  the  whole  burden*  For  60  passengers, 
weighing  perhaps  with  their  luggage  $ix  or  eight  tons,  placed 
OB  board  a  ship  weighing,  with  her  engine  of  60  or  70  horse 

Kwer,  a  hundred  and  fifty  or  hundred  and  eighty  tons,  form 
t  an  addition  of  one-twentieth  or  one-thirtieth  to  the 
masses  quantity  of  no  importance  in  a  practical  point  of 
view.  If  we  convert  the  steai»-engipe  power  into  real  horse 
power,  and  figure  to  ourselvea  100  horses  employed  to 


dnw  SO  p«c90Bs»  we  soe  what  an  enoitnoiM  wi^tt  of  power 
there  is  io  the  enode  of  eooveyancQi  We  may  remark  fur- 
ther^ that  the  tenor  of  the  e?jdence  given  before  the  Par* 
Uameotary  Goramitl^  reod^rsit  extreoDelydoabtfal^  whether 
any  vessel  eoald  be  constructed^  that  would  bear  an  engine 
oiqpable  of  impelliDg  her  at  the  rate  of  two  miles  an  hour^ 
without  the  help  of  wind  or  tide. 

When  the  steam  coach  is  brought  folly  into  use,  practice 
will  teach  us  many  things  respecting  it,  of  which  theory 
leaves  us  ignorant.  With  the  fskcilUies  of  rapid  motion 
which  it  will  afford,  howev^,  we  think  we  are  not  toosan* 
gulne^  in  expecting  to  see  the  present  extreme  rate  of  tra* 
vdlin^  doubled/' 

This  practicability  of  conveving  individuals  or  merchan- 
dize at  the  speed  required  in  the  present  improved  state  of 
our  internal  intercourse  with  the  difierent  parts  of  the  kinff« 
dom,  has  created  mueh  doubt  and  discussion  with  many  able 
and  practical  mechanics*  The  question  seems  to  resolve 
itself  thus.  Do  the  friction  incurred  by  any  moving  body, 
laying  aside  the  resistance  of  the  atmosphere,  increase  in 
proportion  to  its  velocity  ? 

Without  going  into  any  diffuse  or  theoretical  ai^uroent  on 
this  point,  we  shall  merely  cite  that  by  the  results  of  actual 
experiments  instituted  by  Vince  and  Coulomb,  it  appears 
thai  frieHon  does  not.  increase  in  proportion  to  the  velocity. 

By  experiments  made  also  by  Stephenson  and  Wood^ 
it  appears  that  the  force  required  to  keep  a  given  weight  in 
motion  does  not  vary  with  the  velocity :  thus,  a  force  of 
141b8.  was  found  to  overcome  fiiction,  and  keep  in  motion 
aA  empty  coal  waggon,  weighing  23*25  cwt.  on  a  rail-road  $ 
and  that  on  donbUng  the  velocity,  no  more  force  was  re- 
quired*  Further  also  it  appears,  that  on  increasing  the 
weight,  or  load,  the  power  miuin^d  to  overcome  the  fnc- 
ticm,  and  keep  the  waggon  in  motion,  did  not  increase  in  si* 
milar  proportion,  but  up  to  7&25  cwt*  was  about  one^fonr- 
teenth  less. 

Notwithstanding  the  simple  and  satisfiACtory  manner  by 
which  the  experiments  that  led  to  these  results  were  con* 
ducted,  the  ftict  has  been  still  much  doubted*  We  cannot 
therefore  do  better  than  to  extract  from  the  Manchester 
Guardian  the  following  article,  which  contains  an  Accomit 
of  experiments,  with  most  candusive  results,  made  by  that 
able  mechanic,  Mr.  Roberts  of  Manchester  :— 

^^  The  object  Of  the  papers  on  rail-roads  which  appeared 
in  the  Scotsman,  was,  m  a  great  meaaare,  to  shew  the  prac^ 
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tkainliiy  of  transporting  commodities  npon  rail-roacb  tC  m 
very  considerable  speed  ^  and  (irith  sonrie  fUiacies^  which 
we  shall  endeavour  to  point  oBt)  they  contain  a  great  deal 
of  TaloaUe  information^  on  the  relative  merits  of  highways^ 
canals^  and  rail-roads.  The  principal  point,  however,  and 
the  one  to  which  we  shall  confine  onr  observations,  is  an 
ennnciation  of  the  laws  which  regulate  the  friction  of  rolling 
and  sliding  bodies,  as  deduced  from  the  experiments  of 
Vince  and  Coulomb.  With  a  view  to  the  illustration  of 
this  part  of  the  subject,  some  very  important  and  condu- 
sive  experiments  have  recently  been  made  in  this  town,  to 
which  we  shall  by  and  by  have  occasion  to  refer  at  some 
length ;  but  before  doing  so,  we  must  make  a  few  observa- 
tions on  the  rule  laid  down  by  the  Scotsman,  and  the  mis- 
conceptions which  appear  to  have  prevailed  respecting  it, 
both  in  that  journal  and  in  other  quarters. 

After  comi)aring  the  resistance  experienced  by  a  boat 
moving  through  the  water,  with  the  friction  which  retards 
the  progress  of  a  waggon  on  a  rail-  road,  and  stating  that 
(hey  are  governed  by  different  laws,  the  Scotsman  notices 
the  conclusions  established  by  the  experiments  of  Vince  an4 
Coulomb ;  the  most  important  of  which  is,  that  theJHcHon 
of  rolling  and  sliding  bodies  is  the  same  for  aU  velocities. 
The  writer  then  observes  : — 

^  It  is  with  this  last  law  only  that  we  have  to  do  at  pre- 
sent ;  and  it  is  remarkable  that  the  extraordinary  results  to 
which  it  loads,  have  been,  as  far  as  we  know,  entirely  pver- 
looked  by  writers  on  roads  and  railways.  These  results, 
indeed,  have  an  appearance  so  paradoxical,  that  they  will 
shock  the  faith  of  practical  men,  though  the  principle  from 
which  they  flow  is  admitted  without  question  by  all  scienti- 
fic mechanicians. 

•  *  First.  It  flows  from  this  law,  that  (abstracting  the  re- 
sistance of  the  air,)  if  a  car  were  set  in  motion  on  a  level 
railway,  with  a  constant  force  greater  in  any  degree  than 
is  required  to  overcome  its  friction,  the  car  would  proceed 
with  a  motion  continually  accelerated,  like  a  falling  body 
acted  upon  by  the  force  of  gravitation  j  and  however  small 
the  original  velocity  might  be,  it  would  in  time  increase 
beyond  any  assignable  limit.  It  is  only  the  resistance  of  the 
air  (increasing  as  the  space  of  the  velocity)  that  prevents  this 
indefinite  acceleration,  and  ultimately  renders  the  motion 
uniform. 

^  Secondly.  Setting  aside  again,  the  resistance  of  the  air 
(the  effects  of  which  we  shall  estimate. by  and  by,)  the  very 
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Mme  amount  of  conBtant  foi!oe  vrhicb  impels  a  car  on  a  nnl* 
way  at  tuoo  milee  an  honr^  would  impel  it  at  ten  or  twenty 
miles  an  hour,  if  an  extra  force  were  employed  at  first  to. 
overcome  the  inertia  of  the  car,  and  generate  the  required 
"velocity.  ^  Startling  as  this  proposition  may  appear,  it  is  an 
indisputable  and  necessa^  consequence  of  the  laws  of 
friction. 

^  Now  it  would  at  all  times  be  easy,  as  we  shall  afterwards, 
show,  to  convert  this  accelerated  motion  into  a  unifimn 
of  any  determinate  velocity ;  and  from  the  nature  of  the  re- 
sistance, a  high  velocity  would  cost  almost  as  little,  and  be 
as  readily  obtained  as  a  low  one.  For  all  velocities,  there- 
fore, above  four  or  five  miles  an  hour,  rail-ways  will  afford 
facilities  for  communicatiou  prodigiously  superior  to  canal3j 
or  arms  of  the  sea.' 

Now  we  are  perfectly  satisfied,  both  by  the  experiments 
of  Vinoe  and  Coulomb,  and  those  more  recent  and  conclu- 
sive ^Kperiments,  to  which  we  have  already  alluded,  that 
the  rule  laid  down  here  is  correct ;  but  the  writer  ought  to 
have  guarded  against  the  misconception  to  which  bis  last 
paragi'aph  is  liable.  When  he  says  that  a  high  velocity 
would  cost  almost  as  little  as  a  low  one,  he  should  have 
said  that  it  would  cost  as  little  per  mile,  or  as  little  over  any 
given  space :  for  it  cannot  be  his  meaning,  that  a  cairiage 
can  be  Kept  moving  for  an  homv  or  for  any  given  time,  at  a 
high  velocity,  with  as  little  expenditure  of  power,  as  at  a  low 
velocity.  Yet  this  he  has  been  generally  understood  to 
mean,  and  a  great  deal  has  been  written  and  said  with  a 
view  to  prove,  that  he  was  mistaken ;  when  in  fact  he  was 
only  misunderstood.  In  a  subsequent  article,  however, 
the  author  appears,  in  some  degree,  to  have  fallen  into  the 
same  error  into  which  he  has  led  other  persons.    He  says : 

'  Every  body  knows  that  the  rate  of  stage  coach  travel-* 
ing  in  this  country  has  increased  within  the  last  twenty-five 
years,  from  six  or  seven  miles  an  hour  to  eight  or  nine,  and 
this,  too,  before  roads  were  M^Adamized,  and  with  much 
less  injury  to  the  horses  than  was  anticipated.  Supposing 
tbata  coach-horse  could  run  fourteen  miles  unloaded,  with 
the.  same  muscular  exertion  which  carries  forward  the 
stage-coach  at  eight  or  nine  miles,  then  professor  Leslie's 
formfula  becomes  3-4ths  (14  v)2.  Each  horse  would,  of 
course,  draw  with  a  force  of  ^bs.  at  six  miles,  and  of 
271bs.  at  eight  miles  an  hour.  But  if  the  friction  increased 
yi  the  ratio  of  the  velocity,  the  loadoipon  each  horse  would 
increase  from  481bs.  to  601bs.,  when  the  speed  increased 
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fran  ax  lo  eight  miles  aakonr:  aadas  Ae  heme  exartiag 
the  same  fttrenfflii^  woold  only  pcU  wkh  a  force  of  STIU., 
he  woald  thus  have  more  than  double  work  to  do^  which  is 
plaudy  inpossible.  But  admit  that  the  frictioii  is  e^anl  in 
e^oaL  times ;  then,  since  the  time  ift  dimioished  iHlth  by 
increasing*  the  speed  from  six  to  c^^  miles  an  hour,  the 
horses  have  actually  4-5th8  less  to  do ;  the  load  upoa  each  is 
vednoed  fivm  48ttMi.  to  96^  and  ttie  horse  would  haye  to  m- 
crease  its  exertion  only  l-Srd,  that  is,  froiri  271ba«  to  36. 
The  facts,  we  believe,  will  be  found  strictly  consiatent  wi^ 
this  hypothesis,  and  decidedly  at  variaace  with  the  othar. 
However  strange  it  may  sound,  then,  to  common  observers, 
it  is  practkally  true,  tlmt  a  smaller  atisolule  amount  of  finve 
will  drag  a  coadi  over  the  same  space  in  tkree  honra  than  in 
four,  and  in  one  than  in  two/ 

This  paragraph  seems  to  us  to  contain  a'  very  obvious 
fallacy.  If  the  speed  be  increased  from  six  miles  an  hour  to 
eiglit,  the  horses  have  by  no  means  l-4th  less  work  to  do, 
supposing  the  friction  a  constant  quantity,  and  the  traction 
consequently  the  same.    It  is  true  that  they  exert  this 

Sower  for  a  shorter  time,  but  it  is  over  the  same  distance, 
up^sing  the  power  of  traction  necessary  to  overcome  the 
friction  is  lOOOfbs.,  then  that  power  must  be  extended  over 
every  yard  of  the  (Hstance,  whether  the  carriage  moves  at 
six  or  eight  miles  an  hour :  and  it  is  by  the  dustance,  not 
the  time,  that  the  power  must  be  measvued.  That  this 
must  be  the  case,  will  be  obvious  if  the  experiment  be  put 
in  another  shape.  Suppose  a  perfeetly  horiasontal  railway, 
a  mile  long,  with  a  perpendicular  descent  of  a  mile  at  one 
end  of  it,  as  represented  in  fig.  652. 

Suppose  a  waggon  placed  on  this  railway  at  A,  at- 
tached to  a  rope  passing  over  a  pulley  at  B,  and  loaded  at 
tlMt  point  with  a  we^t  exactly  sufficient  to  overcome  the 
friction,  then,  if  the  resistance  of  the  air  is  nothii^,  and 
the  rope  be  without  weight,  it  follows,  from  the  rule  laid 
down,  that  if  the  waggon  is  set  in  motion  at  any  given 
speed,  it  will  continue  to  move  at  that  rate,  until  it  reaches 
the  point  B  and  the  weight  falls  to  C.  But  whether  the 
waggon  passes  over  the  railway  in  an  hour  or  in  three 
minutes,  it  is  obvious  that  the  same  weight  will  descend 
through  the  same  space,  and  that  consequently,  the  same 
amount  of  power  will  be  expended.  It  is,  perhaps,  neces* 
sary  to  observe  here,  that  if  the  weight  is  only  just  suffix 
cient  to  overcome  the  friction,  there  will  (as  is  proved  by 
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t^  acperkBeii4»  of  Mr*  Viace)  be  no  accelemimi  of  molion 
Oft  Ihe  priadple  of  falling  hodie»« 

Uo4¥ever,  though  a  carriage  cannot,  aa  we  tbiak  we 
have  shewn,  be  BMved  ten  miles  in  one  hcmr,  with  a  similar 
expenditure  of  power  than  in  two^  it  is  yery  interesting  to 
know  that,  it  can  be  moved  with  the  same  expenditure, 
(exceptiaig  the  resistance  of  the  air.)  la  many  cases  dis- 
patch is  of  so  much  consequence,^  that  the  elvcidation  and 
application  of  this  rule  will  probably  lead  to  very .  important 
results.  Many  parsons,  however,  are  very  sceptiod  oat  this 
subject,  and  contend  that  the  experinnents  of  Vince  and 
Coulomb  do  not  authorise  any  such  conclusloos  as  have 
been  drawn  from  them.  It  has  been  asked,  if  the  saoEie 
constant  force  will  nfiove  a  carriage  a»  well  at  a  high  as  at  a 
low  velocity,  why  we  do  not  see  something  like  this  in  prac^ 
tiee ;  why  a  carriage  moved  by  a  steam-engine  instead  of 
acquiring^  as  it  proceeds,  a  high  degree  of  velocity^  moves 
on  at  one  uniform  rate  after  it  has  overcome  the  vis  inertia 
at  the  commencement  of  its  journey  ?  We  think  the  rea- 
son is  very  obvious.  A  locomotive  steam-engine  does  not 
exert  the  same  constant  force  on  the  peripheries  of  the 
wheels  of  the  carriage,  when  it  moves  at  difierent  veloci- 
ties. For  instance,  suppose  the  piston  of  an  engine  to  move 
220  feet  in  a  minute,  and  to  impel  the  peripheries  of  the 
travelling  wheels  at  a  velocity  of  two  miles,  and  with  a 
force  just  sufficient  to  overcome  the  friction^  how  can  the 
speed  be  augmented  without  increasing  the  power  of  the 
engine  ?  If  the  diameter  of  the  wheels  be  increased  with 
the  view  of  increasing  the  speed,  the  force  with  which  they 
are  impelled  will  be  diminished  in  the  same  proportion ; 
and  the  engine  will  stop,  unless  the  pressure  is  increased. 
To  increase  that,  of  course,  will  be  to  augment  the  power. 
As  it  is  obvious,  therefore,  that  a  steam-engine  cannot  ex* 
ert  the  same  force  at  different  velocities^  some  other  means 
most  be  devised  for  potting  to  the  test  of  experiment  the 
rule  laid  down  in  the  Scotsman* 

We  now  come  to  the  most  important  and  interesting 
part  of  this  article.  As  none  of  the  experiments  of  Vince  or 
Coulomb  (so  far  as  we  have  seen  or  heard  them  detailed) 
were  made  with  bodies  resembling  railway  waggons, 
either  in  form,  or  in  the  nature  of  their  motion,  the  cor- 
rectness of  the  conclusions  deduced  from  them  with  respect 
to  such  carriages,  was  doubted  by  many  persona  of  consi- 
derable scientific  aittainments.  It  became  desirable^  there- 
fore, that  other  experiments  should  be  tried,  with  carriages 
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upon  railways,   which/ of  course/ woald  be  much  more 
satisfactory.    This,  however,  it  did  not,  at  first  sig^ht,  ap-* 

Gar  very  easy  to  accomplish  in  a  satisfactory  manner :  but 
r.  Roberts,  of  this  town,  recently  devised  a  mode  of  de- 
termining the  point,  which  appears  to  ns  wholly  nnobjec* 
tionable,  and  which  exhibits,  in  a  high  degree,  tne  simpli- 
city and  feciiity  of  execution,  by  which  that  gentleman's 
inventions  are  so  eminently  distinguished.  It  was  very 
difficult  to  devise  means  for  measuring  accurately  the  fric- 
tion of  a  carriage  moving  over  a  railway;  but.it  occurred 
to  Mr.  Roberts,  that  the  difficulty  would  be  obviated  if  the 
railway  were  made  to  move  under  the  carriage.  When  this 
idea  once  presented  itself,  it  was  easy  to  reduce  it  to  prac- 
tice. Mr.  Roberts  therefore  constructed  an  apparatus,  of 
which  fig.  654  w}Il  give  a  pretty  correct  notion. 

A  is  a  small  vagi^on  with  four  cast  iron  wheels,  placed  on  the  peri- 
phery of  a  cast  iron  dnim  B,  three  feet  in  diameter,  and  six  inches  broad, 
(which  acts  as  the  rail-road.)  This  drum  is  fastened  on  the  tame  shaft  as 
the  pulleyC,  which  is  driven  at  different  speeds  bjr  a  strap  from  another 
pulley.  The  wa^gcon  is  attached  by  a  wire  to  one  of  Marriot's  patent 
weifi^hingp  machines  D,  for  the  purpose  of  measuring  the  friction,  and  the 
board  G,  prevents  the  current  of  air,  occasioned  by  the  motion  of  the 
drum,  from  actini^  upon  the  carriafce.  Now  if  the  drum  be  driven  widi 
any  g-iven  velocity,  say  four  miles  an  hour,  in  the  direction  indicated  hy 
the  mark  E,  and  the  wtis^gon  held  in  its  place  by  the  wire  which  attaches 
it  to  the  index,  it  is  perfectly  obvious  that  the  wheels  will  revolve  on  the 
drum  in  precisely  the  same  manner  as  if  the  wag's^on  moved  forward  on  a 
horizontal  road ;  and  the  fiiction  will  also  be  the  same,  except,  perhaps,  a 
small  addition  occasioned  by  the  curvature  of  the  drum,  but  which  will 
not  affect  the  relative  frictions  of  different  speeds.  As  the  wagi^^on  is  sta- 
tionary,  the  resistance  of  the  air  will  be  entirely  got  rid  of ;  and  the  index 
of  the  machine  will  indicate  the  precise  amount  of  traction  necessary  to 
overcome  the  friction.  Of  course,  in  miUcing  the  experiment,  it  will  be 
necessary  to  keep  the  centre  of  the  wagron  esadlif  over  the  axii  of  the 
drum ;  for  if  it  were  pennitted  to  go  beyond  the  centre,  a  part  of  the 
weight  would  be  added  to  the  friction  ;  if,  ou  the  contrary,  it  was  brought 
nearer  the  index,  a  part  of  the  weight  would  act  against  the  friction,  and 
diminish  the  apparent  quantity.  The  tempering  screw  F,  is  therefore  ^ 
added  to  keep  the  waggon  in  its  proper  situation,  in  whatever  way  the  ' 
spring  of  the  weighing  machine  may  be  acted  upon  by  tlie  friction. 

This  simple  apparatus  having  been  constructed,  a  number  of  experi- 
ments were  made,  chiefly  with  a  view  to  determine  whether  the  friction 
were  the  same  at  different  velocities.  The  waggon  was  loaded  with  fifty 
pounds,  (including  its  own  weight)  and  the  drum  was  driven  at  different 
velocities,  varying  from  two  to  twenty-four  miles  an  hour  on  the  periphe* 
ry :  but  in  every  case,  the  fijction,  as  indicated  by  the  weighing  machine, 
was  precisely  the  same.  No  increase  of  sneed  affected  the  index  at  all, 
but  on  increasing  the  weight,  it  immediately  shewed  a  corresponding  in- 
crease of  friction. 

We  consider  these  experiments  as  perfectly  conclusive 
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of  the  fact,  that  the  friction  on  a  railway  is  the  same  for  all 
velocities ;  and  that  a  carriage  may  be  propelled  twenty  miles 
in  one  hour^  with  the  same  amount  of  force  which  would 
be  necessary  to  drive  it  twenty  miles  in  ten  hours,  provided 
the  resistance  of  the  atmosphere  was  out  of  the  question  : 
and,  if  the  carriage  was  properly  constructed,  that  would 
not  amount  to  much.  In  other  words,  goods  may  be  con- 
veyed from  Manchester  to  Liverpool,  on  a  rail-road,  with 
very  nearly  the  same  expenditure  of  steam,  whether  they  are 
carried  two  miles,  or  four  miles,  or  twenty  miles  an  hour.  A 
steam  engine,  which  will  propel  twenty  tons  at  four  miles 
an  hour,  will,  with  the  same  expense  of  coals,  propel  ten 
tons  at  eight  miles  an  hour ;  so  that,  with  the  smaller  load, 
it  might  make  a  journey  to  Liverpool  and  back,  in  the  same 
time  which  would  be  occupied  in  going  thither  with  the 
larger  load  Or,  to  put  the  matter  in  another  shape :  sup« 
pose  a  four-horse  engine  will  convey  forty  tons  to  Liverpool 
in  eight  hours,  an  eight  horse  engine  will  convey  the  same 
weight  thither  in  four  hours.  There  will  be  the  same  ex- 
penditure of  steam  in  both  cases,  but,  in  the  latter,  a 
saving  of  half  the  time ;  a  saving  which,  we  need  not  add, 
will  frequently  be  of  immense  importance." 

These  practical  results  are  very  satisfactory,' as  the  hope 
of  propelling  carriages  at  a  suitable  speed,  for  the  more  ra- 
pid dispatch  of  business,  and  conveyance  of  passengers^  is 
thereby  placed  almost  beyond  a  doubt. 

We  ought  to  notice  here,  the  striking  difference  in  the 
/force  requisite  to  give  rapid  motion  on  a  rail-road  to  that  on 
a  canal  or  navigable  river.  These  latter  are  governed  by  a 
totaDy  different  law,  as  the  resistance,  or  head  of  water  on 
the  bows  of  the  boat,  increase  as  the  squares  of  its  velocity ; 
consequently  it  will  require  four  times  the  power  to  double 
the  speed.  But,  on  the  other  hand,  it  must  be  admitted, 
that  m  all  speeds  under  three  miles  per  hour,  the  canal  has 
a  decided  advantage,  as  the  force  increases  as  the  speed  di- 
minishes. 

With  respect  to  the  horse,  it  is  well  known,  that  his 
power  decreases  as  his  speed  increases  ;  and  that  when  he  is 
travelling  at  his  greatest  speed,  which,  with  a  weight,  sel- 
dom exceeds  13  miles  per  hour,  be  is  able  to  exert  little  or 
no  strength.  We,  therefore,  take  it  for  granted,  that  in  the 
present  improved  state  of  our  manufactures,  artificial  pow- 
er of  some  description  must  be  resorted  to,  and  whatever 
experience  may  prove  to  be  the  most  economical,  the  ap- 
plication of  that  power  is  the  most  important  part  of  the 
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saMeot  now  under  consideretieoi.  Qn  this  point,  Ae  data 
with  which  we  are  famished  is  so  very  Umited,  as  scaicely 
to  vender  it  possible  to  forin  any  decisive  opinion. 

The  engines  which  have  been  some  time  at  work  at  Mr. 
Brandley's  coUieiies,  near  Leeds,  have  a  cogged  wheel, 
playing  in  a  rack,  \diich  b  laid  as  one  cf  the  rails  of  the 
road  ;  nnd  those  at  Hetton  colliery  are  much  on  the  same 
•principle.  This  plan  k  objectionable,  jbecanse  the  whole 
weight  of  the  ^igine,  which*  on  the  most  improved  con- 
struction, is  not  fess  than  eight  tons,  is  on  the  wheel,  so 
that  any  obstacle  on  the  ndl,  must  of  necessity  shake  the 
whole  machinery.  To  obviate  this,  Mr.  Gordon  has  con- 
trived, and  taken  out  a. patent  for  a  locomotive  carriage  with 
the  engine  on  springs,  which  imparts  the  motion  without 
any  connexion  with  the  wheels  or  axle*trce,  and  there  are 
various  other  plans  in  progress  for  the  same  object.  But  let 
this  be  effected  as  it  may,  the  great  weight  of  the  engine, 
which  is  by  far  the  greatest  objection,  is  not  obviated.  And^ 
indeed,  this  appears  to  us  only  possible  to  be  ticeomplished,  by 
either  diminishing  the  weight  of  the  engine,  as  proposed  by 
the  application  of  Mr.  Brown's  uneumatic,  or  vacuum  en- 
gine, or  taking  the  engine  entirely  from  the  carriage^  and 
employing  stationary  engines,  at  suitable  distances^  to  tow 
or  draw  the  carriages  in  regular  suooession.  This  last  mode 
has  been  applied  to  practice  in  the  vidnity  of  Newcastle, 
by  Mr.  Thompson ;  and  the  results  may  be  seen  in  some 
very  able  observations  annexed  to  the  specification  of  his 

Stent,  and  inserted  in  the  Repertory  of  Arts,  for  March. 
22. 

His  method  consists  in  dividing  the  line  of  Rail-  road  into 
any  number  of  stages,  at  suitable  distances  apart.  At  the 
end  of  each  stage  an  engine  is  erected  for  the  purpose  of 
drawing  the  carriages  from  the  next  stage,  or  engine,  on 
either  side,  towards  itself.  This  is  effected  by  means  of 
ropes,  which,  previously  to  commencing  operation,  are 
taken  from  each  respective  engine  to  the  engine  immediately 
before  it  by  horses;  but  after  tirie  work  has  commenced,  by- 
being  hooked  at  the  end  of  the  advancing  or  returning 
carriages. 

In  forming  lines  of  rail-road  upon  this  system^that  is, where 
stationary  engines  are  to  be  employed,  it  is  not  necessary 
that  they  incline  in  the  direction  of  the  loads,  or  be  made 
perfectly  level.  For  in  engines  of  this  description  there  is 
no  occasion  to  pay  that  particular  attention  to  the  weight  of 
the  boiler  and  appurtenances^  as  is  the  case  in  engines 
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which  hove  a  locomotive  prinorple*  Indeed  tri(luig  iaequftli- 
ties  of  surfaoe^  which  would  be  a  malerial  objection  in  the 
application  of  locomotive  carriages^  are,  in  the  lines  of  road 
where  stationary  engines  are  employed,  quite  unheeded. 

As  many  roads  are  traversed  by  night  as  well  as  by  day, 
it  becomes  necessary  that  a  signal  should  be  given  from  one 
engine  to  the  other  as  soon  as  the  carriages  have  arrived  and 
are  hooked  to  its  respective  ropes,  that  the  engine  tender 
may  not  be  at  a  loss  when  to  throw  his  machinery  into 
geer.  For  this  purpose,  Mr.  Thompson  recommends  that 
the  door  of  the  fire-place  of  the  boiler,  or  other  strong  light, 
be  placed  towards  the  engines  on  each  side,  so  that,  by 
opening  it  on  that  side  which  faces  the  engine,  to  whose 
ropes  the  carriages  just  airived  have  been  attached,  the  en- 
gineer may  adopt  such  measures  as  will  effect  the  desired 
purpose. 

It  is  true,  locomotive  engines  were  not  at  that  period  so 
well  understood  as  at  present ;  but  it  appears  to  us  that  this 
point  still  remains  in  a  very  undecided  state,  and  that  from 
the  even  now  limited  experience  in  propelling  carriages  on 
railways,  at  a  speed  any  thing  like  that  of  common 
carriages,  it  is  very  difficult  to  hazard  an  opinion.  From 
the  data,  however,  that  can  be  collected,  we  certainly  in^ 
dine  to  stationary  engines,  as  the  most  mechanical  and 
economical  application  of  the  requisite  power. 

As  to  the  degree  of  danger  which  travellers  may  be  ex- 
posed to  by  locomotive  engines,  it  cannot,  under  a 
f>roper  management,  exceed  that  of  a  steam-boat,  or  a 
actory,  where  power  is  operating.  It  is  true,  that  as  the 
wei^^ht  of  the  engine  is  of  great  consideration,  condensing 
engmes  (if  steam  be  the  force  employed,)  are  quite  inappli- 
cable, and  what  are  generally  called  high  pressures  must  be 
introduced.  But  thpugh  all  engines  whicn  do  not  condense 
their  steam,  and  act  only  by  the  pressure,  or  elastic  force, 
are  called  high  pressure  engines,  there  is  no  necessity  what* 
ever  to  go  to  dangerous  heats,  and  with  either  wrought- 
iron  or  copper  boilers  and  valves,  placed  out  of  the  reach 
of  the  operative  engineer,  or  engine  tender,  may  certainly 
be  worked  at  45  or  SSlbs.  pressure,  with  as  much  safety  as 
at  20Jbs.  in  condensing  engines.  Indeed,  on  investigating 
the  cause  of  steam  explosions,  they  will  be  found  to  have 
rarely  occurred  but  from  the  grossest  ignorance  and  neglect. 

Such  of  our  readers  who  are  desirous  to  have  farther  in- 
formation on  this  interesting  subject,  we  must  refer  to  a 
very  able  report  on  rail-roads,  by  Mr.  Charles  Sylvester, 
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to  the  pq)er  alluded  to  bvMf .  TbompsoQ^  id  thfe  Repeitoi^- 
of  Artflj  for  March^  1822,  to  a  work  which  will  shortly 
issue  from  the  Press,  by  Mr.  N.  Wood  of  the  Killingworth 
Colliery,  of  whose  experiments,  in  coDJunction  with  Mr. 
Sylvester,  we  have  alreadv  had  occasion  to  speak,  and  to 
Observations  on  a  General  Iron  Riulway,  by  Mr,  Gray. 
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GEOMETRY. 

Gboustrt  ia  that  branch  of  mathematics  whick  traatt  of  the  de- 
scriptiott  and  properties  of  magnitudes  in  general. 

D^nitions  w  Explanation  qf  Terms, 

1.  A  point  has  neither  length,  breadth,  nor  thickness*  From  this 
definition  it  may  easily  be  understood  that  a  mathematical  point  can- 
not be  seen  nor  felt ;  it  can  only  be  imagined.  What  is  commonly 
called  a  point,  as  a  small  dot  made  with  a  pencil  or  pen«  or  the  point 
of  a  needle,  is  not  in  reality  a  mathematical  point ;  for  however  small 
such  a  dot  may  be,  yet  if  it  be  examined  with  a  magnifying  glass,  it 
will  be  found  to  be  an  irregular  spot,  of  a  very  sensible  length  and 
breadth ;  and  our  not  being  able  to  measure  its  dimensions  with 
the  naked  eye,  arises  only  from  its  smallness.  The  same  reasoning 
may  be  applied  to  every  thing  that  is  usually  called  a  point ;  even 
the  point  of  the  finest  needle  appears  like  that  of  a  poker  when  ex- 
amined with  the  microscope. 

2.  A  line  is  length,  without  breadth  or  thickness.  What  was  said 
above  of  a  point,  is  also  applicable  to  the  defimtion  of  a  line.  What 
is  drawn  upon  paper  with  a  pencil  or  pen,  is  not  in  fact  a  line,  but 
the  representation  of  a  line.  For  however  fine  you  may  make  these 
representations,  they  will  still  have  some  breadth.  But  by  the 
definition,  a  line  has  no  breadth  whatever,  yet  it  is  impossible  to 
dravir  anv  thing  so  fine  as  to  have  no  breadth.  A  line  therefore^  can 
only  be  imagined.    The  ends  of  a  line  are  points.  . 

3.  A  right  line  is  what  is  commonly  called  a  straight  line,  or  that 
tends  every  where  the  same  way. 

4.  A  curve  Is  a  line  which  continually  changes  its  direction  between 
its  extreme  points. 

5.  ParaUei  lines  are  such  as  always  keep  at  the  same  distance 
from  each  other,  and  which,  if  prolonged  ever  so  far,  would  never 
meet.     JFtg^  I. 

6.  An  angle  \^  the  inclination  or  opening  of  two  Imes  meeting  in 
a  point.  Fig.  2. 

7.  The  fines  AB,  and  BC,  which  form  the  angle,  are  called  the 
legs  or  sides  ;  and  the  point  B  where  they  meet,  is  called  the  verteii 
of  the  angle,  or  the  angular  point.  An  angle  is  sometimes  express- 
ed by  a  letter  placed  at  the  vertex,  as  the  angle  B,  Fig,  2 ;  but  most 
commonly  by  UTree  letters,  observing  to  place  in  the  middle  the  letter 
at  the  vertex,  and  the  other  two  at  the  end  of  each  leg,  as  the 
aoffle  ABC. 

^  2X 
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8.  When  one  line  standi  upon  another,  so  as  not  to  lean'  more  to 
one  side  than  to  another^  both  the  angles  which  it  makes  with  the 
other  are  called  right  angles^  aa  the  angles  ABC  and  ABD,  Fig.  3, 
and  all  right-angles  are  eqaal  to  each  other,  being  all  equal  to  90*; 
and  the  line  AB  is  said  to  be  perpendicular  to  CD. 

Beginners  are  very  apt  to  confound  the  terms  perpendiadar^  and 
plumb  or  vertical  line.  A  line  is  vertical  when  it  is  at  right»angles 
to  the  plane  of  the  horizon,  or  level  surface  of  the  earth,  or  to  the 
surface  of  water,  which  is  always  level.  The  sides  of  a  bonse  are 
vertical.  But  a  line  may  be  perpendicular  to  another,  whether  it 
stands  upright  or  iodines  to  the  ground,  or  even  if  it. lies  flat  npoa 
it,  provided  only  that  it  makes  the  two  angles  formed  by  meeting 
with  the  other  line  equal  to  each  other ;  as  for  instance,  if  the  angles 
ABC  and  ABD  be  equal,  the  KneAB  is  perpendicular  to  CD;  what- 
ever may  be  its  position  in  other  respects. 

9.  When  one  line,  BE  {Ftg.  3,)  stands  upon  another,  CD,  so  as 
to  incline;  the  angle  £BC,  which  is  greater  than  a  right- angle,  is 
called  an  obtuse  angle ;  and  that  which  is  less  than  a  right*angle,  is 
caUed  an  acute  an^e,  as  the  angle  EBD. 

10.  Two  angles  which  have  one  leg  in  common,  as  the  angles 
ABC,  and  ABB,  arc  called  contiguous  angles,  or  adjoining  angles  -, 
those  which  are  produced  by  the  crossini;  of  two  lines,  as  the  angles 
EBD  and  CBF^  formed  by  CD  and  EF^  crossing  each  other^  are 
culled  opposite  or  vertical  angles, 

1 1.  kjigure  is  a  bounded  space,  and  is  either  a  surface  or  a  solid. 

12.  A  superficies,  or  surface,  has  length  and  breadth  only.  The 
extremities  of  a  superficies  are  lines. 

13.  ApluTie,  or  plarie  surface,  is  that  which  is  every  where  per* 
fectly  ftat  and  even,  or  which  will  touch  every  part  of  a  straight  line, 
in  whatever  direction  it  maybe  laid  upon  it.  The  top  of  a  marble 
slab,  for  instance,  is  an  example  of  this,  which  a  strait  edge  will 
tondi  in  every  point,  so  that  you  cannot  see  light  any  where  between. 

14.  A  curved  surface  is  that  which  will  not  coincide  with  a  straight 
lin^  in  any  part«     Curved  surfaces  may  be  either  convex  or  concave. 

15.  A  convex  surface  is  when  the  surface  rises  up  in  the  middle, 
as;  for  instance,  a  part  of  the  outside  of  a  globe. 

16.  A  concave  surface  is  when  it  sinks  in  the  middle,  or  is  hollow^ 
and  is  the  contrary  to  convex* 

A  surface  may  be  bounded  either  by  straight  lines^  curved  lines,  or 
both  these. 

.  1 7.  Every  surface,  bounded  by  straight  lines  only,  is  called  a 
polygon,  if  the  sides  are  all  equal,  it  is  called  a  regular  polygon,  U 
they  are  unequal,  it  is  called  an  irregular  polygon.  Every  polygon, 
wliether  equal  or  unequal,  has  the  same  number  of  sides  as  angles, 
and  they  are  denominated  sometimes  according  to  the  number  of 
sides,  and  sometimes  from  the  number  of  angles  they  contain.  Thus  a 
figure  of  three  sides  is  called  a  triangle,  and  a  figure  of  four  sides  a 
(quadrangle, 

A  pentagon  is  a  polygon  of  five  sides.^ 
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A  hexag9H  has  flix  Mm. 
A  heptagon  seven  sides. 
An  oeU^^  eight  sides. 
A  ncnagon  nine  sides. 
A  decactm  ten  sides. 
An  undeeagon  eleven  sides. 
A  duadecagon  twelve  sides. 

When  they  have  a  greater  number  of  sideSj  it  b  nsnal  to  call  them 
polygons  of  13  sides^  of  14  sides^  and  so  on. 
Tnanglesare  of  different  kinds>  according  to  the  lengths  of  their  sides. 

18.  An  equilateral  triangle  has  all  its  sides  eqnal>  as  ABC,  Fig.  4. 

19.  An  isosceles  triangle  has  two  equal  sides,  as  DBF,  'Fig,  5. 

20.  A  scalene  triangle  has  all  its  sides  unequal,  as  GHI,  jF^.  j6. 
Triangles  are  also  denomioated  according  to  the  angles  they  contain. 

21.  A  right-angled  triangle  is  one  that  has  in  it  a  right  angle,  as 

ABC,#%r.7- 

22.  A  triangle  canikot  have  more  than  one  right-angle.  The  side 
opposite  to  the  right^angle  B,  as  AC>  is  called  the  hypothenuscj  and 
is  always  the  longest  side. 

23.  An  obtuse^ngled  triangle  has  one  obtuse-angle,  as  Fig,  8. 

24.  An  acute^angled  triangle  has  all  its  angles  acute«  as  Fig.  4. 

25.  An  isosceles,  or  a  scalene  triangle,  may  be  either  right- 
angled,  obtuse,  or  acute. 

26.  Any  side  of  a  triangle  is  said  to  subtend  the  angle  opposite  to 
it :  thus  AB  (Fig.  7)»  subtends  the  angle  ACB. 

27.  If  the  side  of  a  triangle  be  drawn  out  beyond  the  6gure,  as 
AD  (Fig,  8),  the  anffle  A,  or  CAB,  is^  called  an  internal  angle,  and 
the  angle  CAD,  or  that  without  the  6gnre,  an  eir/ema/ angle. 

28.  A  quadrangle  is  also  called  a  quadrilateral  figure.  They  are 
of  varions  denominations,  as  their  sides  are  equal  or  unequal,  or  as  all 
thdlr  anj;les  are  right-angles  or  not. 

29.  Every  four-sided  figure  whose  opposite  sides  are  parallel,  is 
called  a  parallelogram.  Provided  that  the  sides  opposite  to  each 
other  be  parallel,  it  is  immaterial  whether  the  angles  are  right  or 
not.    Fig.  9»  10,  11,  and  12,  are  all  parallelograms. 

30.  When  the  angles  of  a  parallelogram  are  all  right*angles,  it  is 
called  a  rectangular  parallelogram  or  a  rectangle^  as  Fig.  1 1  and  12. 

3 1 .  A  rectangle  may  have  all  its  sides  equd,  or  only  the  opposite 
aides  equal.  When  all  its  sides  are  equal,  it  is  called  a  square^  ai 
rig.  12. 

32.  When  the  opposite  sides  arc  parallel,  and  all  the  sides  equal 
to  each  other,  but  the  angles  not  ri^t-angles,  the  parallelogram  is 
called  a  rhombuSf  as  Fig.  10. 

33.^  A  parallelogram  having  all  its  angles  oblique,  and  only  its 
opposite  equal,  is  called  a  rhomboid,  as  Fig.  9, 

34.  When  a  quadrilateral  or-four-sided  figure  has  none  of  its  sides 
parallel,  it  is  called  a  trapezium,  hS  Fig.  13  >  consequently  every 
quadrangle,  or  qaadrllateral  which  is  not  a  parallelogram,  is  a  tra* 
pezium. 

2x2 
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35.  A  irapexoid  has  only  one  pair  of  its  sides  pvralleiy  as  F^.  14. 

36.  A  diagonal  is  a  right  line  drawn  between  any  two  angles  tliat 
are  opposite  in  a  polygon,  as  IK,  Fig,  15.  In  parallelograms  tbe 
diagonal  is  sometimes  called  tbe  diameter,  because  it  passes  through 
the  centre  of  the  figure. 

37.  Complements  of  a  parallelogram.  If  any  pointy  as  £  fFtg. 
15y,  be  taken  in  the  diagonal  of  a  parallelogram,  and  through  that 
point  two  lines  are  drawn  parallel  to  the  sides,  as  AB,  CD,  it  will 
be  divided  into  four  parallelograms,  DP,  L,  F,  G6.  The  two  divi- 
sions, L,  F,  through  which  the  diameter  does  not  pass,  i(re  called 
the  complements. 

38.  Base  of  a  figure  is  the  side  on  which  it  is  supposed  to  stand 
erect,  as  A£,  and  CD,  Fig.  16. 

39.  Altitude  of  a  figure  is  its  perpendicular  height  from  the  base 
to  the  highest  part,  as  EP,  Fig.  16. 

40.  Area  of  a  plane  figure,  or  other  surface,  means  the  quantity  of 
space  contained  within  its  boundaries,  expressed  in  square  feet, 
yards,  or  any  other  superficial  measure. 

41.  Similar  figures  are  such  as  have  the  same  angles,  and  whose 
sides  are  in  the  same  propgftion,  as  Fig.  17. 

42.  Equal  figures  are  such  as  have  the  same  area  or  contents. 

43.  A  circle  is  a  plane  figure,  bounded  by  a  curve  line  returning 
into  itself,  called  its  circumference,  ABCD  (Fig.  ISJ,  every  -where 
equally  distant  from  a  point  £  within  the  circle,  which  is  called  the 
centre. 

44.  The  radius  of  a  circle  is  a  straight  line  drawn  from  the  centre 
to  the  circumference,  as  £F  fFig:\S).  The  radius  is  the  opening 
of  the  compass  when  a  circle  is  described  j  and  consequently  ail  the 
radii  of  a  circle  must  be  equal  to  each  other. 

45.  A  diameter  of  a  circle  is  a  straight  line  drawn  from  one  side 
of  the  circumference  to  the  other  through  the  centre,  as  CB  (Fig.  \%J* 
Every  diameter  divides  the  circle  into  two  equad  parts. 

46.  A  segment  of  a  circle  is  a  part  of  a  circle  cut  off  by  a  straight 
Hue  drawn  across  it.  This  straight  line  is  called  the  chord.  A  s^-> 
nent  may  bt  either  equal  to,  greater,  or  less  than  a  semi'Ctrcle, 
which  is  a  segment  formed  by  the  diameter  of  the  circle,  as  CEB, 
and  is  equal  to  half  the  circle. 

47.  A  tangent  is  a  straight  line,  drawn  so  as  just  to  touch  a  drole 
without  cutting  it,  as  GH  {Fig.  18).  The  point  A,  where  it  tooches 
the  circle,  is  called  the  point  oj  contact.  And  a  tan^t  cannot  touch 
a  circle  in  more  points  than  one. 

48.  A  sector  of  a  circle  is  a  space  comprehended  between  two  radii 
and  an  arc,  as  BIK  (Fig.  19). 

49.  The  circumference  of  every  circle,  whether  great  or  small,  is 
supposed  to  be  divided  into  360  equal  parts,  called  degrees ;  and 
every  d^ee  into  60  parts,  called  njinotes ;  and  every  minute  into 
60  seconds.  To  measure  the  inclination  of  lines  to  each  oth^ ,  or 
angles,  a  circle  is  described  round  the  angular  point,  as  a  centre,  as 
IK,  Fig.  19  ;  and  according  to  the  number  of  degrees,  minutes,  and 
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seconds,  cat  off  by  the  sides  of  the  aogle^  so  many  degrees^  minutes, 
and  seconds^  it  is  said  to  contain.  Degrees  are  marked  by  ^,  minutes 
by  ',  and  seconds  by  " ;  thns  an  angle  of  46  degrees,  15  minutfes^  and 
7  seconds^  is  written  in  this  manner,  48*^  15'  7". 

50.  A  solid  is  any  body  that  has  length,  breadth,  and  thickness  : 
a  book,  for  instance,  is  solid,  so  is  a  sheet  of  paper ;  for  though  its 
thickness  is  very  small,  yet  it  has  some  thickness.  The  boundaries 
of  a  solid  are  surfaces, 

51.  Similar  solids  are  snch  as  are  bounded  by  an  equal  number  of 
similar  planes. 

52.  A  prism  is  a  solid,  of  which  the  sides  are  parallelograms,  and 
the  two  ends  or  bases  are  similar  polygons,  parallel  to  each  other. 
Prisms  are  denominated  according  to  the  number  of  angles  in  the 
base,  triangular  prisms,  quadrangular,  hepiangular,  and  so  on,  as 
Fig.  20,  21»  22, 23.  If  the  sides  are  perpendicular  to  the  plane  of 
ihe  base,  it  is  called  an  upright  prism ;  if  they  are  inclined,  it  is 
called  an  oblique  prism. 

53.  When  the  base  of  a  prism  is  a  parallelogram,  it  is  called  a 
paralhlopipedon,  as  Fig.  22  and  23.  Hence,  a  parallelopipedon  is  a 
solid,  terminated  by  six  parallelograms. 

54.  When  all  the  sides  of  a  parallelopipedon  are  squares,  the  solid 
is  called  a  cube,  as  Fig,  23. 

55.  A  rhomboid  is  an  oblique  prism,  whose  bases  are  parallelo- 
grams. (Fig,  24.) 

56.  A  pyramid  AB  (Fig,  25  and  26)  is  a  solid,  bounded  by,  or 
Gontuned  within,  a  number  of  planes,  whose  base  may  be  any  poly- 
gon, and  whose  hcea  are  triangles  terminated  in  one  point,  B,  com- 
monly called  the  summit,  or  vertex  of  the  pyramid. 

57.  When  the  figure  of  the  base  is  a  triangle,  it  is  called  a  irian' 
gular  pyramid ;  when  the  figure  of  the  base  is  a  quadrilateral,  it  is 


called  a  quadrilateral  pyramid,  &c. 
58.  A  pyramid  is  eithe 


her  regular  or  irregular,  according  as  the  base 
IS  regular  or  irregular. 

59*  A  pyramid  is  also  right  or  upright,  or  it  is  oblique.  It  is 
right,  when  a  line  drawn  from  the  vertex  to  the  centre  of  the  base, 
is  perpendicular  to  it,  as  Fig,  25 ;  and  oblique,  when  this  line  inclines, 
as  Fig.  26. 

60.  A  cylinder  is  a  solid  (J%.  27  and  28)  generated  or  formed  by 
the  rotation  of  a  rectangle  about  one  of  its  sides,  supposed  to  be  at 
rest ',  this  quiescent  side  is  called  thear»  of  the  cylinder.  Or  it  may 
be  conceived  to  be  generated  by  the  motion  of  a  circle,  in  a  direction 
perpendicular  to  its  surfiice,  and  always  parallel  to  itself. 

61.  A  cylinder  is  either  right  or  oblique,  as  the  axis  is  perpendicu- 
lar to  the  base  or  inclined. 

62.  Every  section  of  a  right  cylinder  taken  at  right-angles  to  its 
axis,  is  a  circ/e;  and  every  section  taken  across  the  cylinder,  but 
oblique  to  the  axis,  is  an  ellipsis. 

j63.  A  circle  being  a  polygon  of  an  infinite  number  of  sides>  it  (oU 


€ffS  APFBMDIX. 

lows,  lih«t  the  qr^ndef  may  be  oenoeiTed  tSt  e  pHsm,  having  audi 


polygons  for  I 

64.  A  cone  is  a  solid  (Fig.  29  and  30)  having  a  cirde  for  its  base, 
and  its  sides  a  convex  surface,  terminating  In  a  point  At  called  the 
vertex  or  apex  of  the  cone.  It  may  be  ooncdved  to  be  generated  by 
the  rev<^ntion  of  a  rifffat*angled  triangle  about  its  perpendicular. 

65.  A  line  drawn  from  ti&  vertex  to  the  centre  of  the  base  is  the 
axis  of  the  cone. 

66.  When  this  line  is  perpendicular  to  the  base«  the  cone  is  called 
an  upright  or  right  cone ;  but  when  it  is  inclined,  it  is  called  an 
oblique  cone. 

67*  If  it  be  cut  through  the  axisi  from  the  vertex  to  the  base,  Uie 
section  will  be  a  triangle. 

69.  If  a  ri^ht  cone  be  cut  by  a  plane  at  righUangles  to  the  axis, 
the  section  will  be  a  circle. 

69.  If  it  be  cut  oblicpe  to  the  axis,  and  quite  across  from  one  side 
to  the  other,  the  section  will  be  an  ellipsis,  as  Fig.  31.  A  section  of 
a  cylinder,  made  in  the  same  manner,  is  also  an  ellipsis ;  and  this  is 
easily  conceived }  but  it  does  not  appear  so  readily  to  most  people, 
that  the  oblique  section  of  a  cone  is  an  ellipsis  :  they  frequently  ima- 
gine that  it  will  be  wider  at  one  end  than  the  other,  or  what  is  called 
an  oval,  which  is  of  the  shape  of  an  egg.  Bat  that  this  is  a  mistake, 
anv  one  may  convince  himsdf,  by  making  a  cone,  and  catting  it  across 
obliquely  :  it  will  be  then  seen,  that  the  section,  in  whatever  direc- 
tion it  is  taken,  is  a  regular  ellipsis ;  and  this  is  the  case,  whether 
the  cene  be  right  or  obUquot  except  only  in  one  case,  in  the  oblique 
cone,  which  is,  when  the  section  is  taken  in  a  particular  direction, 
which  is  called  sub-contrary  to  its  base. 

70.  When  the  section  is  made  parallel  to  one  of  the  sides  of  the 
cone,  as  Fig.  32,  the  curve  ABC,  which  bounds  the  section,  is  called 
a  parabola, 

71.  When  the  section  is  taken  parallel  to  the  axis,  as  F^,  33»  de 
curve  is  called  an  h^fperbola. 

These  curves,  which  are  formed  by  cutting  a  cone  in  different  direc- 
tions, have  various  properties,  which  are  of  great  importance  in  as- 
tronomy, gunnery,  perspective,  and  many  other  sciences. 

72.  A  sphere  is  a  solid,  terminated  by  a  convex  surface,  every 
point  of  which  is  at  an  equal  distance  from  a  point  within,  called  the 
centre^  Fig.  34. 

73.  It  may  be  conceived  tobef>rmed  by  making  a  semidrde  re- 
volve round  its  diameter.  This  may  be  illustrated  by^  the  process  of 
forming  a  hall  of  clay  by  the  potter*s  wheel,  a  semicircular  mould 
being  used  for  the  purpose.  The  diameter  of  the  semidrde,  round 
which  it  revolves,  is  called  the  axis  of  the  sphere. 

74.  The  ends  of  the  axis  ard  called  poles. 

75.  Any  line  passing  through  the  centre  of  the  sphere,  and  termi- 
nated by  the  circumference,  is  a  diameter  of  the  sphere. 

76.  £very  section  of  a  sphere  is  a  drde  -,  every  section  taken 
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throogli  the  ooitre  of  the  sphere,  Is  called  a  great  drcU,  as  AB;  fig, 
34 ;  every  other  is  a  lesser  circle,  as  CD. 

77.  Any  portion  of  a  sphere  cut  off  by  a  plane,  is  called  a  segment : 
and  when  the  plane  passes  through  the  centre,  it  diyides  the  sphere 
into  two  eqnal  parts^  each  of  which  is  called  a  hemisphere. 
-  78.  A  conoid  IS  a  solid,  produced  by  the  circura  volution  of  a  ftection 
of  the  oone^  about  its  axis,  and,  ormscqucntly,  may  bo  either  an 
jelUptical  conoid,  a  hyperbolical  conoid,  or  a  parabolical  conoid.  When 
it  is  elliptical,  it  is  generally  called  a  spheroid.  These  solids  arc  also 
called  ellipsoid,  kyperboloid^  and  paraboloid. 

79.  A  spheroid  is  a  solid  tFig,  35),  generated  by  the  rotation  of  a 
semi-ellipsis  about  the  transverse  or  conjugate  axis  ;  and  the  centre 
of  tiie  ellipsis  is  the  centre  of  the  spheroid. 

80.  The  line  about  which  the  e11i|>siB  revolves,  is  odled  the  axis^ 
If  the  spheroid  be  generated  abont  the  conjugate  axis  of  the  semi- 
ellipsis,  it  is  called  2l  prolate  spheroid, 

81.  If  the  splu*.roid  be  generated  by  the  semi-ellipsis,  byrevol^ng 
about  the  transverse  axis,  it  is  called  an  oblong  spheroid. 

'  82*  Every  section  of  a  spheroid  is  an  ellipsis,  except  when  it  is 
perpendicular  to  that  axis  about  which  it  is  generated  ;  in  which  ^sae^ 
It  is  a  circle. 

88.  All  sections  of  a  spheroid  parallel  to  each  other,  are  similar 
ftgorea. 

A  frustum  of  a  solid,  means  a  piece  Cut  off  from  the  solid,  by  a' 
plane  passed  through  it^  usually  parallel  to  the  base  of  the  solid,  as 
the  frustum  of  a  cone,  a  pyramid,  8cc. 

There  is  a  lower  and  an  upper  frustum^  according  as  the  piece 
spoken  of  does  or  does  not  contain  the  base  of  the  solid. 

84.  A  regular  body  is  a  solid,  contained  under  a  certain  number  of 
equal  and  regular  plane  figures  of  the  same  sort. 

85.  The/ace«  of  the  solid  «re  the  plane  fiffures  under  whidi  it  is 
contained ;  and  the  linear  sides,  or  edges  of  the  solid,  are  the  sides  of 
the  plane  faces. 

86.  The  are  only  five  regular  bodies :— viz.  Ist.  the  tetraedon, 
which  is  a  regular  pyramid,  having  four  triangular  faces ;  2d.  the 
hexaedrony  or  cube,  which  has  six  equal  square  faces  ;  3d.  the  octae- 
dron,  which  has  dght  triangular  faces ;  4th.  the  dodecaedron,  which 
has  twelve  pentagonal  faces  ;  5th.  the  icosaedron,  which  liaa  twenty 
triangular  faces.  -  »  - 

Note.— If  the  figures  marked  A,  B,  C,  D,  E,  be  exactly  drawn  on 
pasteboard,  and  the  lines  cut  half  through,  so  that  the  parts  be  tucped 
up,  and  glued  together,  they  will  represent  the  five  regular  bodies, 
Tiz.— F/^.  A,  the  tetraedon  ;  B,  the  hexaedron  3  C,  the  octaedron  ; 
D,  the  dodecaedron  ;  and  E,  the  icosaedron. 

87.  Ratio  is  the  proportion  which  one  magnitude  bears  to  another 
of  the  same  kind,  with  respect  to  quaptity,  and  is  usually  maked 
thns,  A  :  3. 

Of  these,  the  first  is  called  the  antecedent,  and  the  second  thcron- 
iequent. 
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88l  IhbmeasurB  or  quatUiij^  of  a  ratio,  it  oonoayed  by  contfideriiig 
wbak  part  of  the  cooseqaent  is  the  antecedent  i  cooseqnently^  it  is 
obtained  by  di?iding  tbe  consequent  by  the  antecedent. 

69.  Three  magnitudes  or  quantities.  A,  B,  C,  are  said  to  be  pro* 
poriimal,  when  Uie  ratio  of  the  first  to  the  second  is  the  same  as 
that  of  the  second  to  the  third.  Thus,  2, 4,  8,  are  proportional,  be- 
cause 4  is  contained  in  8  as  many  times  as  2  is  in  4. 

90.  F^r  quantities.  A,  B,  O,  D,  are  said  to  be  proportional,  when 
the  ratio  of  the  first,  A,  to  the  second,  B,  is  the  same  as  the  ratio  of 
the  third,  C,  to  the  fourth,  D.  It  is  usually  written,  A  :  B  ::  G :  D, 
or,  if  expressed  in  numbers,  2  :  4  ::  8  :  16. 

91.  Of  Mree  proportional  quantities,  the  middle  one  is  said  to  be  a 
mean  pnporiumal  between  the  other  two  i  and  the  last  a  f  AM  pro* 
pQTtumed  to  the  first  and  second. 

92.  01  four  proportional  quantities,  the  last  is  said  to  be  zfamrik 
proporiional  to  the  other  three,  taken  in  order. 

93.  Aifto  qfequalUy  is  that  whidi  equal  numben  bear  to  each 
other. 

94.  Inverse  raiio  is  when  the  antecedent  is  made  the  consequent, 
apd  the  eonsequent  the  antecedent..  Thus,  if  1 : 2  ::  3  : 6 ;  theui 
inversely,2:l  ::  6  :  3. 

95.  AUemtUe  propmrden  is  when  the  antecedent  is  compared  with 
antecedent,  and  consequent  with  consequent.  Thus,  if  2  :  1 ::  6  :  3  f 
then,  hjaUernaiUmf  2  :  6  ::  1  :  3. 

96.  Proportion  by  composition  is  when  the  antecedent  and  conse- 
quent, taken  as  one  quantity,  are  compared  either  with  the  cooser 
quent  or  with  the  antecedent.  Thus,  if  2  : 1  ::  6  : 3  j  then,  by 
cimposUim,2+\  :  1  ::  6+3:3,  and  2+1 :2  ::  6+3  :  6. 

97.  Divided  proportion  is  when  the  difference  of  the  antecedent  and 
consequent  is  compared  either  with  the  consequent  or  with  the  ante* 
cedent.  Thus,if  3  :  1  ::  12  :  4 ;  then^  by  division,  3—1  :  1  ::  12— 
4  :  4,  and  3—1 :  3 ::  12--4  :  12, 

98.  Continued  proportion  is  when  the  first  is  to  the  second  as  the^ 
second  to  the  third  j  as  the  third  to  the  fourth ;  as  the  fourth  to  tbe 
fifth  }  and  so  on. 

99.  Compound  ratio  is  formed  by  the  multiplication  of  several  an- 
tecodents  and  the  several  consequents  of  ratios  t<^ther,  in  the  fol- 
lowiiuf  manner : 

If  A  be  to  B  as  3  to  5,  B  to  Gas  5  to  8,  and  G  to  D  as  8  to  6} 

thenAwiUbeD,a8|^|^=^=fj  that  is,  A:D::  1  :2. 

100.  Bisect,  means  to  divide  any  thing  into  two  equal  parts. 

101.  Trisect,  is  to  divide  any  thing  into  three  equal  parts. 

102.  Inscribe,  to  draw  one  figure  within  another,  so  that  all  the 
angles  of  the  inner  figure  touch  either  the  angles,  sides,  or  planes  of 
tbe  external  figure. 

103.  Circumscribe,  to  draw  a  figure  round  another,  so  th^  either 
tiie  angles,  sides,  or  planes  of  the  circumscribed  figure,  touch  all  tb^ 
angles  of  the  figure  vnthin  it. 
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104.  Rectangle  under  any  two  lines,  means  a  rectangle  which  has 
two  of  its  sides  eqnal  to  one  of  the  lines,  and  two  of  them  equal  to  the 
other.    AIso^  the  rectangle  under  AB^  CD,  means  AB  x  CD. 

105.  Scales  of  equal  parts,  A  scale  of  equal  parts  is  only  a  straight 
lioe*  divided  into  any  number  of  eqnal  parts,  at  pleasure.  Each  pact 
may  represent  any  measure  yon  please^  as  an  inch^  a  foot,  a  yard, 
&c.  One  of  these  is  generally  subdivided  into  parts  of  the  next  deno- 
mination, or  into  tenths  or  hundredths.  Scales  may  be  constructed  in 
a  variety  of  ways.  The  most  usual  manner  is,  to  make  an  inch,  or 
some  aliquot  part  of  an  inch,  to  represent  a  foot  -,  and  then  they  are 
called  inch  scales,  three-quarter  inch  scales,  half-inch  scales,  quarter- 
inch  scales,  &c.    They  are  usually  drawn  upon  ivory  or  box-wood. 

106.  An  axiom  is  a  manifest  truth,  not  requiring  any  demonstration. 

107.  Postulates  are  things  required  to  be  granted  true,  before  we 
proceed  to  demonstrate  a  proposition. 

108.  A  proposition  is  when  something  is  either  proposed  to  be  donOj 
or  to  be  demonstrated,  and  is  either  a  problem  or  a  theorem. 

109.  A  problem  is^when  something  is  proposed  to  be  done,  as  some 
figure  to  be  drawn. 

110.  A  ikecnm  is  wlien  something  is  proposed  to  be  demonstated 
er  proved. 

1 1 1.  A  lemma  is  when  a  premise  is  demonstrated,  in  order  to  ren- 
der the  tiling  in  hand  the  more  easy. 

•112.  A  coroUary  is  an  inference  drawn  from  the  demonstration  of 
some  proposition* 

113.  A  ichoUum  is  when  some  remark  or  observation  is  made  upon 
something  mentioned  before. 

114.  The  sign  =s  denotes  that  the  quantities  betwixt  which  it 
stands,  are  eqnaL 

1 15.  The  sign  +  denotes  that  the  quantity  after  it,  is  to  be  added 
to  that  immediately  before  it 

116*  The  sign  —  denotes,  that  the  quantity  after  it  is  to  be  taken 
away  or  sutoacted  from  the  quantity  preceding  it. 

Geometrical  Problems. 

Prob»  1.  To  divide  a  given  line  AB  into  two  equal  parts. 

From  the  points  A  and  B>  as  centres,  and  with  any  opening  of  the 
compasses  greater  than  half  AB,  describe  arches,  cutting  each  other 
m  c  and  d.  Draw  the  line  c  d  -,  and  the  point  £,  where  it  cuts  A  B, 
will  be  the  middle  required. 

Prob,  2.  To  raise  a  perpendicular  to  a  given  line  A  B,  from  a 
point  given  at  C> 

Case  1.  When  tne  given  point  is  near  the  middle,  of  the  line,  on 
each  side  of  the  point  C.  Take  any  two  equal  distances,  Cd  and 
C  e  'y  from  d  and  e,  with  any  radius  or  opening  of  the  compasses 
gresdter  than  G  d  or  C  e,  describe  two  arcs  cutting  each  other  in  f. 
Lastly,  through  the  points  f,  C»  dijaw  the  line  f  C,  and  it  will  be^ 
the  perpendicnlar  required* 
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'  Que  d.  When  the  polot  it  at,  or  near  the  end  of  tbe  line.  Take 
«oy  poiot  dy  above  the  line,  aod  with  the  radios  or  distance  d  C,  de- 
scribe tbe  arc  e  C  f»  catting  AB  in  e  and  C.  Throngfa  tbe  ceotre  d*  and 
tbe  poiot  e,  draw  the  line  e  d  f,  cotting  the  arc  e  C  f  in  f.  Throogh  the 
points  f  Cf  draw  the  lioe  f  C>  and  it  will  be  the  perpendicnUir  reqnired. 

Proh.  3.  From  a  given  poiot  f>  to  let  fall  a  perpendicolar  npon  a 
given  lllie  AB. 

From  the  poiot  f«  with  any  radios,  describe  the  arc  d  e,  cottn^  AB 
io  e  and  d.  From  the  points  e  d,  with  the  same  or  any  other  radios, 
describe  two  arcs,  cotting  each  other  in  g*  Throogh  the  points  f 
and  g,  draw  the  line  f  g,  and  (C  wiU  be  the  perpendicolar  reqoired. 

Prob.  4.  To  make  an  angle  eqoal  to  another  angle  wbidi  is  given, 
as  aB  b. 

From  tbe  poiot  B,  with  any  radios,  describe  the  arc  a  b,  cntting 
tbe  legs  B  a,  B  bf  in  tbe  points  a  aod  b.  Draw  the  line  D  e,  and 
from  the  poiot  D,  with  tbe  same  radios  as  before,  describe  the  arc  e  f, 
totting  D  e  io  e.  Take  tbe  distaoce  £  a,  and  apply  it  to  the  arc  e  f, 
from  e  to  f.  Lastly*  throogh  tbe  points  D,  f,  draw  the  line  D  f,  and 
the  angle  e  D  f  will  be  eooal  to  the  angle  b  B  a,  as  was  reqoired. 

Prob.  5.  To  difide  a  given  angle,  ABC,  into  two  eqoal  angles. 

From  tbe  point  B,  with  aoy  radios,  describe  the  arc  AC.  From  A 
aod  C,  vith  tbe  same,  or  any  other  radius,  describes  arcs  cntting  each 
in  d.  Draw  the  line  B  d,  and  it  will  bisect  the  angle  ABC,  as  was 
reqoired, 

Prob.  6.  To  lay  down  an  angle  of  any  nomber  of  degrees. 

There  are  varioos  methods  of  doing  this.  Ooe  is  by  the  ose  of  an 
iostroment  called  a  protractor,  with  a  semicirdeof  brass,  having  its  or* 
cumfereoce  divided  into  degrees.  Let  AB  be  a  given  line,  and  let  it 
be  required  to  draw  from  the  angolar  poiot  A,  a  line  makiog,  with 
AB,  any  oombcr  of  degrees,  snppose  20.  Lay  tbe  straight  side  of 
the  protractor  along  the  line  AB,  and  cooot  20^  from  the  end  B  of 
tbe  semicircle  -,  at  C,  which  is  20^  from  B,  mark  ;  then,  removing 
the  protractor,  draw  the  line  AC,  which  makes,  with  AB,  the 
angle  required.  Or,  it  may  be  done  by  a  divided  line,  osoally  drawn 
lipon  scales,  called  a  line  of  chords.  Take  60^  from  the  line  of 
chords,  in  the  compasses,  and  setting  one  at  the  angular  point  B, 
Prob,  4,  with  that  opening  as  a  radios,  describe  an  arch,  as  a  b :  then 
take  the  number  of  degrees  of  which  yoo  intend  the  angle  to  be,  and 
set  it  from  b  to  a,  then  is  a  B  b  the  angle  required. 

Prob.  7.  Throogh  a  given  point  C^  to  draw  a  line  parallel  to  a 
gtven  line  AB. 

Case  1.  Take  anypoint  d,  in  AB  ;  npon  d  and  C,  with  the  distance 
Cd,  describe  two  arcs,  eC,  and  d  f,  catting  the  line  AB  ine  and  d. 
Make  d  f  equal  to  e  C  ^  throogh  C  and  f  draw  C  f,  and  it  will  be 
the  line  required. 

Case  2.  When  the  paraUel  is  to  be  at  a  given  distance  from  AB. 
From  any  two  points,  c  and  d,  in  the  line  AB,  with  a  radius  equal  to 
tie  given  distancej  describe  the  arcs  e  and  f :  draw  tbe  line  CB  to 


APPENDIX.  6S3 

touch  those  aires  without  eatting  tbein^  and  it  will  be  parallel  to  AB, 
as  was  reqiured. 

Prob,  8.  To  divide  a  given  line  AB^  into  any  proposed  number  of 
eijaal  parts. 

From  A,  one  end  of  the  linoj  draw  A  c,  making  any  angle  with 
AB  5  and  from  fi^  the  other  end^  draw  B  d^  making  the  angle  A  B  d 
equal  to  B  A  c.  In  each  of  these  lines,  A  c^  B  d,  beginning  at  A  and 
B,  set  off  as  many  equal  parts,  of  any  length,  as  AB  is  to  be  divided 
into.  Join  the  points  C  5»  46,  57,  and  AB  will  be  divided  as  re- 
quired. 

Prob.  9.  To  find  the  eentre  of  a  given  drde,  or  of  any  one  already 
described.  Draw  any  chord  AB,  and  bisect  it  with  the  perpendicu- 
lar CD.  Bisect  CD  with  the  diameter  £F^  and  the  intersection  O 
will  be  the  centre  required. 

Probn  10.  To  draw  a  tangent  to  a  given  drcle  that  shall  pass 
through  a  given  point.  A* 

From  the  centre  O,  draw  the  radius  OA.  Through  the  point  A, 
draw  D£  perpendicular  to  OA,  and  it  will  be  the  tangent  required. 

Prob.  1 1.  To  draw  a  tangent  to  a  circle,  or  any  segment  of  a  drde 
ABC,  through  a  given  point  B,  without  making  use  of  the  centre  of 
>  the  circle. 

Take  any  two  equal  divisions  upon  the  cirde,  from  the^ven  point 
B,  towards  d  and  e,  and  draw  the  chord  e  B.  Upon  B,  as  a  centre, 
with  the  distance  B  d,  describe  the  arc  f  d  g,  cutting  the  chord  e  B 
in  f.  Make  d  g  equal  to  d  f ;  through  g  draw  g  B,  and  it  will  be  the 
tan^nt  required. 

Prob.  12.  Given  three  points,  A,B>  C,  not  in  a  straight  line,  to 
describe  a  circle  that  shall  pass  through  tbem. 

Bisect  the  lines  AB,  BC,  by  the  perpendiculars  a  b,  b  d,  meeting 
at  d.  Upon  d,  with  the  distance  d  A,  d  B,  or  d  C,  describe  ABC« 
and  it  wUl  be  the  required  circle. 

Prob,  13.  To  describe  the  segment  of  a  circle  to  any  length  AB« 
and  height  CD. 

Bisect  AB  by  the  perpendicular  D  g,  cutting  AB  in  c.  From  c 
make  cD,  on  the  perpendicular,  equal  to  CD.  Draw  AD,  and  bisect 
it  by  a  perpendicular  e  f,  cuttmg  D  g  in  g.  Upon  g  the  centre^  de- 
scribe ADB,  and  it  will  be  the  required  segment. 

Prob.  14.  To  describe  the  segment  of  a  circle  by  means  of  two 
rules,  to  any  length  AB,  and  perpendicular  height  CD  in  the  middle 
of  AB,  without  making  use  of  the  centre. 

Place  the  rules  to  the  height  at  C  ;  bring  the  edges  dose  to  A  and 
B  ;  (ix  them  together  at  C,  and  put  another  piece  across  them  to 
keep  tihem  fast.  Put  in  pins  at  A  and  B,  then  move  the  rulers  round 
these  pins,  holding  a  pencil  at  the  angular  point  C,  which  will  de- 
scribe the  segment. 

Prob,  15.  In  any  given  triangle  to  inscribe  a  drcle. 
Bisect  any  two  angles  A  and  C,  with  the  lines  AD  and  DB.  From 
D,  the  point  of  intersection,  let  fall  the  perpendicular  D£ ;  it  will  be 
the  radius  of  the  circle  required. 
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Proh.  16.  lo  a  giren  tiqnaie,  to  describe  a  rei^ar  octagon. 
Draw  the  diagonals  AC  and  BD,  intersecting  at  e.     Upon  tiie 

fnnta  A,  B,  C»  D,  as  centres,  with  a  radina  e  C,  describe  the  area 
el,  ken»  meg,  fei.  Join  f  n,  mb«  ki,  1  g,  and  it  will  be  the 
required  octagOD, 

Prob.  17.  lo  a  giren  circle,  to  describe  any  regular  polygon. 

Divide  tiie  drcamference  into  as  many  parts  as  there  are  sides  in 
the  polygon  to  be  drawn,  and  join  the  points  of  division. 

PToh»  18.  Upon  a  given  line  AB,  to  construct  an  eqaUateral  tri- 
angle. 

Upon  the  points  A  and  B,  with  a  radias  eqnal  to  AB,  describe 
arches  cnttiag  each  other  at  C.  Draw  AC  and  BC,  and  ABC  will 
be  the  triangle  required. 

Prob,  19.  To  make  a  triangle,  whose  sides  shall  be  eqnal  to  three 
given  lines  D,  £,  F,  any  two  of  them  being  greater  than  Uie  third. 

Drew  AB  equal  to  the  line  D.  Upon  A,  with  the  radius  F,  de- 
scribe an  arc  CD.  Upon  B,  with  the  radius  E,  describe  another  are 
intersecting  the  former  at  G.  Draw  AC  and  CB»  and  ABC  will  be 
the  triangle  required. 

Proh,  20.  To  make  a  trapezium  equal  and  similar  to  a  given  tra- 
perium  ABCD. 

Divide  the  given  Crapezium  ABCD  into  two  triangles,  by  the  dia- 

Smal  DB.  Make  £F  equal  to  AB  $  upon  EF  construct  the  triangle 
FH,  whose  sides  shall  be  respectively  eqnal  to  those  of  the  triangle 
ABD,  by  the  last  problem.  Upon  HF,  which  is  equal  to  DB,  con- 
struct the  triangle  HF6,  whose  sides  are  respectively  equal  to  DBC ; 
then  EFGH  will  be  the  trapezium  required. 

By  the  help  of  this  problem,  any  plan  may  be  copied ;  as  every 
figure,  however  irregular,  may  be  divided  into  triangles.  Upon  this 
the  practice  of  land-surveying  and  making  plans  of  estates,  is  founded. 

Proh.  21.  To  make  a  square  eqnal  to  two  given  squares.  Make 
the  sides  DE  and  DF  of  the  two  given  squares  A  and  B,  form  the 
sides  of  a  right-angled  triangle  FDE  ;  draw  the  hypothenuse  FE ; 
on  it  describe  the  square  EFGH  ;  and  it  will  be  the  square  required. 

Prob.  22.  Two  right  lines  AB,  CD,  being  given,  to  find  a  third 
proportional.  Make  an  angle  HEI  at  pleasure  ;  from  E  make  EF 
equal  to  AB,  and  £G  equal  to  CD  :  join  FG«  Make  EI  eqnal  to 
EF,  and  draw  HI  parallel  to  FG  j  then  EH  will  be  the  third  pro- 
portional required ;   that  is,    EF  :  EG : :  EH  :  EI,  or  AB :  CD  : : 

CD :  Ei.r 

Prob.  23.  Three  lines  being  given,  to  find  a  fourth  proportionaL 
Make  the  angle  HGI  at  pleasure ;  from  G  make  GH  equal  to  AB, 
GI  equal  to  CD,  and  join  HL  Make  GK  equal  to  EF;  draw  KL 
through  K,  parallel  to  HI ;  then  GL  will  be  the  fourth  proportional 
required,  that  is,  GH :  GI  :  :  GK  :  GL,  or  AB  :  CD  : :  EF  :  GL. 

Prob.  24.  To  diride  a  given  line  AB  in  the  same  proportion  as 
another  CD  is  divided*  * 

Make  any  angle  KHIj  and  make  HI  equal  to  AB;  then  apply  the 
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several  divisions  of  CD,  from  H  to  K,  and  join  KL  Draw  the  lines 
h  e,  i  f»  k  g,  parallel  to  IK  ;  and  the  line  HI  will  be  divided  in  e,  f, 
g,  as  was  required. 

Froh.  25.  Between  two  given  ones  AB  and  CD  to  find  a  mean 
proportional. 

Draw  the  right  line  EG,  in  which  make  £F  equal  to  AB,  and  FG 
eqaal  to  CD.  Bisect  EG  in  H,  and  with  HE  or  HG,  as  radios,  de- 
scribe the  semicircle  EIG.  From  F  draw  FI  perpendicular  to  EG, 
cutting  the  circle  in  1 3  and  IF  will  be  the  mean  proportional  re- 
quired. 

Prob.  26.  To  describe  an  ellipsis. 

If  two  pins  are  fixed  at  the  points  E  and  F,  a  string  being  put 
about  them,  and  the  ends  tied  together  at  Cj  the  point  C  being 
moved  round,  keeping  the  strins  stretched  will  describe  an  ellipsis. 

The  pointy  E  and  F,  where  the  pins  were  fixed,  are  called  the  foci. 

The  line  AB  passing  through  the  foci,  is  called  the  transverse  axis. 

The  point  G  bisecting  the  transverse  axis>  is  the  centre  of  the 
ellipsis. 

The  line  CD  crossing  this  centre  at  right-angles  to  the  transverse 
axis,  is  the  conjugate  axis. 

The  latus  rectum  is  a  right  line  passing  through  the  focus  at  F,  at 
right-angles  to  the  transverse  axis  terminated  by  the  curve  :  this  is 
also  call^  the  parameter, 

A  diameter  is  any  line  passing  through  the  centre,  and  terminated 
by  the  curve. 

A  conjugate  diameter  to  another  diameter,  is  a  line  drawn  through 
the  centre,  parallel  to  a  tangent  at  the  extreme  of  the  other  diame- 
ter,  and  terminated  by  the  curve. 

A  double  ordinate  is  a  line  drawn  through  any  diameter  parallel  to 
a  tangent,  at  the  extreme  of  that  diameter  terminated  by  the  curve. 

Prob,  26.  The  transverse  axis  AB,  and  conjugate  axis  CD,  of  any 
ellipsis,  being  given,  to  £nd  the  two  foci,  .and  from  thence  to  describe 
the  ellipsis. 

Take  the  semi-transverse  AE,  or  EB,  and  from  C  as  a  centre,  de- 
scribe an  arc,  cutting  AB  at  F  and  G,  which  are  the  foci.  Fix  pins 
in  these  points ;  a  string  being  stretched  about  the  joints  FCG,  the 
ellipsis  is  described  as  above. 

Prob.  27.  The  same  being  given,  to  describe  an  ellipsis  hj9i  trammel, 

.The  trammel  is  an  instrument  consisting  of  two  rulers  fixed  at 
right-angles  to  each  other,^  with  a  groove  in  each.  A  rod  with  two 
moveable  nuts  works  in  this  groove,  and«  by  means  of  a  pencil  fixed 
in  the  end  of  the  rod,  describes  the  corve.  The  operation  is  as  follows: 

Let  the  distance  of  the  first  pin  at  B*  from  the  pencil  at  A,  be 
equal  to  half  the  shortest  axis,  and  the  distance  of  the  second  pin  at 
C,  from  A,  to  half  the  longest  axis ;  the  pins  being  put  iu  the 
grooves,  move  the  pencil  at  A,  which  will  describe  the  elnpsis. 

Prob,  28.  To  draw  the  representation  of  an  eMipsis  with  a  compass 
to  any  length  AB,  and  width  CD. 

Draw  BP  parallel  and  equal  to  EC,  and  bisect  it  at  1 ;  then  draw 
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1  C  aad  PD,  cattiDg  eadi  otherat  K  j  bisect  KG  by  a  perpendlciilar 
meeting  CD  in  O ;  aad  on  O,  with  the  radius  OC|  describe  the 
quadrant  COQ. 

Threogii  Q  and  A^  draw  QG,  catting  the  quadrant  at  6 ;  then 
draw  GO,  catting  AB  at  M  ;  make  £L  equal  to  £M«  also  EN  eqaal 
to  E0«  From  N,  through  M  ond  L  draw  NH  and  NI ;  then  M»  L» 
N,  O,  are  the  four  centres  by  which  the  four  quarters  of  the  ellipsis 
are  drawn. 

It  must  be  observed*  that  thii  is  not  a  true  ellipsis,  but  only  an 
approximation  to  it ;  for  it  is  impossible  to  draw  a  perfect  ellipsis 
by  means  of  compasses,  which  can  only  describe  parts  oi  cicdes. 
But  the  curve  of  an  ellipsis  differs  essentially  from  that  of  a  circle  in 
every  part ;  and  no  portions  of  circles  put  together,  can  ever  form  an 
ellipsis.  But  by  this  means*  a  figure  may  be  drawn,  which  ap-^ 
proaches  nearly  to  an  ellipeis«  and  therefore  may  be  often  sabsti- 
tnted  for  it  when  a  trammel  cannot  be  had,  or  when  the  ellipsis  is 
too  small  to  be  drawn  by  it.  At  the  joining  of  the  portions  of  circles 
in  this  operation,  the  defect  is  not  perceivable  ;  and  the  best  way  is 
not  to  jom  them  quite,  and  to  help  the  curve  by  hand. 

Prob.  29.  An  eJlipsis,  AGDBj  being  given,  to  find  the  transverse 
and  coigagate  axis. 

Draw  any  two  parallel  lines,  ABand  CD,  cutting  the  ellipsis  at 
the  points  A,  B,  (J,  D ;  bisect  them  in  e  and  f.  Through  e  and  f, 
draw  GH,  catting  the  ellipsis  at  G  and  H ;  bisect  GH  at  I ;  and  it 
will  give  the  centre. 

Upon  I,  with  any  radius,  describe  a  circle,  cutting  the  ellipeis  m 
the  four  points  k,  1,  m,  n  ;  join  k,  1,  and  m,  n ;  bisect  k  1,  or  m  n,  at 

0  or  p.  Through  the  points  o,  I,  or  I,  p,  draw  QR,  cutting  the 
ellipsis  at  Q  and  R ;  then  QR  will  be  the  transverse  axis.      Through 

1  draw  TS,  parallel  to  k  1,  cutting  the  ellipsis  at  T  and  S  ;  and  TS 
will  be  the  conjugate  axis. 

Prob,  30.  To  describe  an  ellipsia  similar  to  a  given  one  ADBC, 
to  any  given  length  IK,  or  to  a  given  width  ML. 

Let  AB  and  CD  be  the  two  axes  of  the  given  ellipsis.  Through 
the  points  of  contact  A»D3>C,  complete  the  rectangle  GEHF ;  draw 
the  diagonals  CF  and  GH  :  they  will  pass  through  the  centre  at  R. 
Through  I  and  K  draw  PN  and  OQ  parallel  to  CD,  cutting  the  diago- 
nals EF  and  GH,  at  P,N,Q,0.  Join  PO  and  NQ,  catting  CD  at  L 
and  M  ',  then  IK  is  the  transverse,  and  ML  the  conjugate  axis  of  an 
ellipsis,  that  will  be  similar  to  the  given  ellipsis  ADBC,  which  may 
be  described  by  some  of  the  foregoing  methods. 

Prod.  31.  To  describe  a  parabola.  If  a  thread  equal  in  length  to 
BC,  be  fixt  at  C,  the  end  of  a  square  AUC,  and  the  other  end  be 
fixt  at  F ;  and  if  the  side  AB  of  the  square  be  moved  along  the  line 
AD,  and  if  the  point  E  be  always  kept  close  to  the  edge  BC  of  the 
square,  keeping  the  string  tight,  the  pointer  piu-E  will. describe  a 
curve  EGIH,  called  nparaW<i. 

The/o£Uf  ofthe  parabola  is  the  fixed  point  F,  about  which  tbe 
string  revolves.  ;. 
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The  directrix  is  the  line  AD,  which  the  side  of  the  square  moves 
along. 

The  axis  is  the  line  LK,  drawn  through  the  focus  F,  perpendicular 
to  the  directrix. 

The  vertex  is  the  point  I,  where  the  line  LK  cnts  the  cprve. 

The  iatus  rectum,  or  parameter,  is  the  line  GH  pnsstng  throngh 
the  focns  F>  at  right-angles  to  the  axis  IK,  and  terminated  by  the 
curve. 

The  diameter  is  anv  line  MN,  drawn  parallel  to  the  axis  IK. 

A  double  ordinate  is  a  right  line  RS',  drawn  parallel  to  a  tangent  at 
M,  the  extreme  of  the  diameter  MN,  terminated  by  the  curve. 

The  abscissa  is  that  part  of  a  diameter  contained  between  the 
curve  and  its  ordinate,  as  MN. 

Prob.  32.  To  describe  a  parabola,  by  finding  points  in  the  curve  ; 
the  axis  AB,  or  any  diameter  being  given »  and  a  double  ordinate  CD. 

Through  A  draw  EF  parallel  to  CD  -,  through  C  and  D  draw  DP 
and  C£  parallel  to  AB,  cutting  EF  at  £  and  F.  Divide  BC  and  BD. 
each  into  any  number  of  equal  parts,  as  four ;  likewise  divide  CB 
and  DF  into  the  same  number  of  equal  parts.  Throngh  the  points  1, 
2,  3,  &c.  in  CD,  draw  the  lines  la,  2  b,  3  c,  &c.  parallel  to  CD ; 
also  through  the  points  1, 2,  3^  in  CE  and  DF,  draw  the  lines  1  A, 
2  A,  3  A,  cutting  the  parallel  lines  at  the  points  a,  b,  c  •  then  the 
points  a,  b,  c,  are  in  the  curve  of  the  parabola. 

Prob.  33.  To  describe  an  hyperbola. 

If  B  and  C  are  two  fixed  points,  and  a  rule  AB  be  made  moveable 
about  the  point  B,  a  string  ADC  being  tied  to  the  other  end  of  the 
rule,  and  to  the  point  C ;  and  if  the  point  A  be  moved  round  the 
centre  B,  towards  G,  the  angle  D  of  the  string  ADC,  by  keeping 
it  always  tight  and  close  to  the  edge  of  the  rule  AB,  will  describe  a 
curve  DHG,  called  an  hyperbola. 

If  the  end  of  the  rule  at  B  were  made  moveable  about  the  point 
C,  the  string  being  tied  from  the  end  of  the  rule  A  to  B,  and  a 
curve  being  described  after  the  same  manner,  is  called  an  oppoiite 
hyperbola. 

'    The ybci  are  the  two  points  B  and  C,  about  which  the.  rule  and 
string  revolves. 

The  transverse  axis  is  the  line  IH  terminated  by  the  two  curves 
passing  through  the  foci,  if  continued. 

The  centre  is  the  point  M,  m  the  middle  of  the  transverse  axis  IH. 

The  conjugate  axis  is  the  line  NO,  passing  throngh  the  centre  M, 
and  terminated  by  a  circle  from  H,  whose  radius  is  MC,  at  N  and  0« 

A  diameter  is  any  line  VW,  drawn  through  the  centre  M,  and  ter- 
minated by  the  opposite  curves. 

Conjugate  diameter  to  another,  is  a  line  drawn  through  the  centre, 
parallel  to  a  tangent  with  either  of  the  curves,  at  the  extreme  of  the 
other  diameter  terminated  by  the  curves. 

Abscissa  is  when  any  diameter  is  continued  within  the  curve,  ter* 
ininatcd  by  a  double  ordinate  and  the  curve  i  then  the  part  within  is 
called  the  abscissa. 
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Datibie  ardmaie  is  a  line  drawn  throogh  any  diameter  parallel  to  its 
coDJogate,  and  terminated  by  the  cnrre. 

Parameter  or  latui  recium,  is  a  line  drawn  tfarovgfa  tlie  focns,  per- 
pendicular to  the  transverse  axis«  and  terminated  by  the  curve. 

Prob.  34.  To  describe  an  hyperbola  by  finding  pcHots  in  the  curve, 
having  the  diameter  or  axis  A^^  its  abscissa  £G^  and  double  ordi- 
nate DC. 

Through  G  draw  EF,  parallel  to  CD  -,  from  C  and  D  draw  CE  and 
DF,  parallel  to  BG,  cutting  EF  in  £  and  F.  Divide  CD  and  BD* 
each  into  any  number  of  equal  parts,  as  four ;  through  the  points  of 
division,  1>  2,  3>  draw  lines  to  A.  Likewise  divide  EC  and  PF  into 
the  same  number  of  equal  parts,  viz.  four ;  from  the  divisions  on  CE 
and  DF,  draw  lines  to  G  ;  a  curve  being  drawn  through  the  intersec- 
tions at  G,  K,  h,  &c  will  be  the  hyperbola  reauired. 

Remarks.'^ln  a  circle,  the  half  chord  DC,  is  a  mean  proportional 
between  the  s^ments  AD,  DB  of  the  diameter  AB  perpendicular  to 
it.    That  is  AD  :  DC  : :  DC  :  DB. 

2.  The  chord  AC  is  a  mean  proportional  between  AD  and  the  di- 
ameter AB.  And  the  chord  BC  a  mean  proportional  between  DB 
and  AB. 

That  is,  AD  :  AC  :  :  AC  :  AB, 
and  BD  :  BC  : :  BC  :  AB. 

3.  The  angle  ACB,  in  a  semicircle^  is  always  a  right. 

4.  The  square  of  the  hypotenuse  of  a  right-angled  triangle,  is  equal 
to  the  squares  of  both  the  sides. 

That  is,  AC*  =  AD«  -h  DCS 
and  BC«  =  BD«  +  DC*, 
and  AB«  =  AC«  -h  BC*. 

5.  Triangles  that  have  all  the  three  angles  of  the  one  respectively 
equal  to  all  the  three  of  the  other,  are  called  equiangular  triangles, 
or  similar  triangles. 

6.  In  similar  triangles,  the  like  sides,  or  sides  opposite  the  eqnal 
angles,  are  proportional. 

7.  The  areas,  or  spaces,  of  similar  triangles,  are  to  each  other, 
as  the  squares  of  their  like  sides. 


MENSURATION  OF  SUPERFICIES. 

Proh,  1.  To  find  the  area  of  a  parallelogram:  whether  it  be  a 
square,  a  rectangle,  a  rhombus,  or  a  rhomboid. 

Multiply  the  length  by  the  breadth,  or  perpendicular  beight,  and 
the  product  will  be  the  area. 

£x.  1.  To  find  the  area  of  a  square,  whose  side  is  6  inches,  or  6 
feet,  &c. 

6 
6 

S6  Ansr 
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2.  To  find  the  area  of  a  rectangle,  whose  length  is  9^  ana  ureadth 
4  inches,  or  feet,  &c. 
9 
4 

Ansr.  36 


3.  To  find  the  area  of  a  rhombus,  whose  length  is  6  chains,   and 
perpendicular  height  5. 

5 

Ansr..  30 


Prob.  2.  To  find  the  Area  of  a  Triangle. 

Ruie  1.  Multiply  the  base  by  the  perpendicular  height,  and  half 
the  product  will  be  the  area. 

Rmie  2.  When  the  three  sides  only  are  given  :  Add  the  three  sides 
toffether,  and  take  half  the  sum  j  from  the  half  sum  subtract  each 
side  separately  j  multiply  the  half  sum  and  the  three  remainders  con- 
tinually together  -,  and  the  square  root  of  the  last  product  will  be  the 
area  of  the  triangle. 

Ex.  Required  the  area  of  the  triangle  whose  base  is  6  feet,  and 
perpendicular  height  5  feet. 
6 
5 

2)  30  (15  Ansr. 

Prob,  3.  To  find  one  Side  of  a  right-an^^  Triangle,  haying  the 
other  two  Sides  ffiven. 

The  square  of  the  hypotenuse  is  equal  to  both  the  squares  of  the 
two  leffs.    Therefore, 

1.  To  find  the  hypotenuse  -,  add  the  squares  of  the  two  1^  to- 
gether, and  extract  l^e  square  root  of  the  sum. 

2.  To  find  one  leg ;  subtract  the  square  of  the  other  leg  from  the 
square  of  the  hypotenuse,  and  extract  the  root  of  the  difference. 

Ex,  1.  RcNCiuired  the  hypoteuuse  of  a  right-angled  triangle,  whose 
base  AB  is  40.  and  perpendicular  BG  30. 
4        3 
4        3 

16        9 
9 

25       (5  the  square  root  of  the  sum  of  the  two  squares,  being 
25  the  hypotenuse  AC. 

""  •  2  V 
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2.  What  18  the  perpendioular  ef  a  n^bi-^Bo^ied  triaagle^  wkose 
base  AB  is  56,  and  hypotenase^  AC  65  } 
56        65 
56        65 

336      325 
280      390 

3136    4225 
3136 

1089  (33  The  perpendicakr,  which  is  4lie  root 
9  of  the  remainder  of  the  scioareof  the 

'  hypotenuse  AC,  whea  the  sqaare 

63  I  189  of  AB  has  been  subtracted. 

3  I  189 
Prob,  4.  To  find  the  Area  of  a  Trapezoid. 

Maltiply  the  sam  of  the  two  parallel  sides  by  the  perpendicular 
distance  between  them,  and  half  the  product  will  be  the  area. 

Ex.  In  a  trapezoid,  the  parallel  sides  are  AB  7»  and  CD  12, 
and  the  perpendicular  distance  AP  or  CN  is  9  :  required  the  area. 
7 
12 

19 
9 

Tti 

85|  the  area. 
Prvb.  5.  To  find  the  Area  of  a  Trapezhim. 

Case  for  any  /rape%ittm.-*Divide  it  into  two  trianffles  byadia« 
fonal ;  then  find  the  areas  of  these  triauffles,  and  add  them  together. 
Note,  If  two  perpendiculars  be  let  fall  on  the  diagonal,  firom  the 
other  two  opposite  angles,  the  sum  of  these  perpendicnlars  bebg 
multiplied  by  the  diagonal,  half  the  product  will  be  the  area  of  the 
trapezium. 

Ex.  To  find  the  area  of  the  trapezium  ABCD,  the  diagonal  AC 
betDg  42  ,  the  perpendicular  BP  18    ,  and  the  perpendicular  D£  16. 
18 
16 

34 

42 

68 
136 


2)  1428 

714  the  answer. 
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Prob.  6.  To  find  the  Area  of  an  Irregolar  Pblygon. 
Draw  diagonals  dividing  the  figure  into  trapezinma  and  trianglei. 
Then  find  the  areas  of  all  these  separately,  and  their  sum  will  be  the 
content  of  the  whole  irregular  figare. 

Eg.  To  find  the  content  of  the  irregolar  fignre  ABCOEP,  in 
which  are  gi?en  the  following  diagonals  and  perpendicolara  :  nanelyf 
CA  s  10 
di=:     6 


c.i  = 
k.e=r 

4 
2 

uufs 

3 

n,b  s 

4 

For  trapes.  dcfe« 

For  trapez.ef  ab 

ci.    4 

n.b.    4 

ke.   2 

m.f.    3 

6 

7 

df.    6 

c,a.      10 

2)36 

2)70 

Ig  oontents. 

35  oontents. 

18  oontents  d.  c.  f  e 
35      cf.ab 

53  oontents  of  the  irregolar 
—    polygon. 

Prob,  7.  To  find  the  Area  of  a  Resolar  Polygon. 

Rule.  Multiply  the  pBiimeter^  of  the  figure,  or  sum  of  its  sides, 
by  the  perpendicular  falling  from  its  centre  upon  one  of  its  sides,  and 
half  the  product  will  be  the  area. 

Prob,  8.  In  a  Circular  Arc,  having  any  two  of  th^  followtuff  lines, 
▼is.  the  chord  AB,  the  versed  sine  DP,  the  chord  of  half  &e  arc 
AD,  and  the  diameter,  or  the  radius  AC  or  CD  given,  to  find  the  others. 

If  any  two  of  these  lines  be  given,  two  sides  of  one  of  the  right- 
angled  triangles,  APC  or  APD,  wiU  be  known,  and  from  them  the 
remaining  side,  and  other  lines  in  the  arc,  may  be  found  by  Prob.  3. 

Suppose  AB  and  PD  be  given,  then,  by  Prob.  3.,  the  hau  of  AB, 
or  AP 18  a  mean  proportional  between  DP  and  PC  4-  CD ;  for  PC  + 
CD  +  PD  is  the  diameter  of  the  circle,  half  of  which  is  the  radius 
or  CA,  and  by  Prob.  3,  AC«  —  AP«  =  CP«,  and  AP*  +  PD*  » AI>«. 

Suppose  CD  land   AB  be   given,  then  half  of  AB  s  AP,  and 

CD=AC  I  therefore  V  CD»  -  AP»  =  CP,  and  CD  -  CP  =»  PD. 

V  PD*  +  AP*  =  AD. 

Prob.  9.  To  find  the  Diameter  and  Circumference  of  a  Circle,  the 
one  from  the  other. 

Bule  I .    As  7  is  to  22,  so  is  the  diameter  to  the  drcumferenoe. 
As  22  is  to  7,  so  is  the  drcumference  to  the  diameter. 
2y2 
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Bale  2.    As  1 13  is  to  355,  so  istbe  diameter  to  the  drcamiSereiice. 

As  355  is  to  1 13*  sab  the  ciiciUDfereiice  to  the  diameter 
Bute  3.    As  1  is  to  d'14l6»  so  is  the  diameter  to  the  drcamfereiioe. 

As  3'  14115  is  to  1,  so  is  the  circiimfereBce  to  the  diameter. 
Ew,  I.  lo  find  the  circnmference  of  a  cirde,  whose  diameter  AB 
U  10. 

By  Bute  I. 


7:22: 
10 

:  10:  31*42857 

1)   220 
31f 
or  31-42857  BBS. 

By  BuU  2.      • 

113 

:355::10:3lTVr 
10 

113  )3550  (31-41593 
— ~    the  aos. 
160 

470 

180 

67a 

1050 

330 

By  RuUS. 

1  :  3-1416::  10  1 31*416 
the  circumfereuoe  nearly^ 
the    trae    circomference 
being 
31-4159265358979^  kc 


So  that  the  2d  rale   is 
nearest  the  tnith. 


2.  To  find  the  diameter  when  the  circumlerence  is  100. 

By  BuU  1. 

7  w  25  ^   175  *  » 

22  :  7  :  :  50 :  — jj-  .  TT  *  ^^^  **  159090  ans 
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By  Bute  2.  ByBuhS 

355  :  113 :  :  50  :  15ff  3-1416  : 1  :  :  50  :  15*9156 

50  . 


3*]416)50'000  (15*9156 

)  18584 

2876 

"I9 

18 

390  2 

350  "" 

Prob.  10.    To  find  tbe  Length  of  any  Arc  of  a  Circle. 
■Rule  1,    As  180 18  to  the  namber  of  degrees  in  the  arc« 
So  is  3*1416  times  tbe  radius,  to  its  length. 
Or  as  3  is  to  the  nnmber  of  degrees  in  the  arc. 
So  is  *05236  times  the  radins,  to  its  length. 
Ex.].To  find  the  length  of  an  arc  ADB  (Prob.  8,)  of  30  degrees, 
the  radios  being  9  f6et.|. 

3-1416 
9 

As  180  :  30      

.     Or  6  :  1  : :  282744  :  47124 
Or  3  :  30  :  :  '05236  X  9  :  47124 
90 

4  7124  the  answer. 


Rule  2.  From  8  dmes  the  chord  of  half  the  arc  subtract  the 
chord  of  the  whole  arc^  and  4  of  the  remainder  will  be  the  length  of 
the  arc  nearly. 

Ex.  2.  Thediord  AB  (Prob.  8.)  of  the  whole  arc  being  4*65874, 
and  the  chord  AD  of  tbe  half  arc  2*34947  3  required  the  length  d 
the  arc. 

2-34947 
8 


1879576 
4-65874 

3)  1413702 


4*71234  answer. 


APMliDIX. 

Prol.  \L    TofiadtfieAreaof  aCiide^tliediaBMtiror 
IsnRoe  bdag  pren. 

BmU  1.    Moldply  half  the  dienmferenoe  by  half  the  diaaieter. 
Or,  takef  of  the  product  of  the  whole  circomferenGe  and  diameter. 

Ernie  2.    Multiply  the  tqvare  of  the  diameter  by  7854. 

Rule  3.    Miltiply  the  eqnaie  of  the  dicimiference  by  '07958. 

Rule  4.    As  14  is  to  11,  lo  is  the  square  of  the  diameter  to  the 

Bub  5.  As88isto7>soisthes<|iiareof  the  dreamlerenoe  to  the 


£r«  To  find  the  sseaof  a  circle  whose  diameter  is  10,  and  dr- 
\  314*159265 


B^  Bale  I. 
31'41592<S5 
10 

4)314-159265 

78*539816 


By  Rule  2. 

•7854 
100 

78-54 


By  BuU4. 
14:11  ::  100 
11 

1411100  1 

120 
112 


78-57 


80 
70 

100 

9S 


By  BuleS. 

sq.  ore.  986-96044 

invert.     85970 

6908723 

888264 

49348 

7896 


78-54231  area. 


By  Rale  5. 

31*4159265    ' 

562951413  invert. 

94247779 

3141593 

1256637 

31416 

15708 

2827 

63 

19 

2 


88:7: 

:  986-96044 
7 

8 

6908-72308 

n 

663-69038 

78-50821 
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Prob.  12.    1V>  find  tbe  Area  of  tlie  Sector  of  a  Circle. 

Rule  I.  Mnltiplythe  radios^  or  half  the  diameter,  by  half  the 
arc  of  the  sector,  for  the  area.  Or  take  ^  of  the  product  of  the  dia- 
meter and  arc  of  the  seetor. 

Note.    The  arc  may  be  foond  by  problem  10. 

Rule  2«  As  360  is  to  the  d^ees  in  the  arc  of  the  seetor,  so  is 
the  whole  area  of  the  circle,  to  the  area  of  the  sector. 

Ex.  What  IS  the  area  of  the  sector  CAB,  the  radios  bei&ff  iO«  and 
theohordAB  16. 

100=sAC« 
64=:AE« 

36  (6rsCE 
lOsCO 

4=DB 

lesDB* 
64aA& 

80  (8*9442719=  AD. 
8 


71-6541752 
16 


3)  55-5541752 

2)  18*5180584  arc  ADB 

9*2590297  a  half  arc 
10  s  radius 


92*590297  answer. 


Prob.  13.    To  find  the  Area  of  a  Segment  of  a  Circle. 

Rule,  Find  the  area  of  the  sector  having  the  same  arc  with  the 
segment,  by  the  last  oroblem. 

rind  the  area  of  the  triangle^  formed  by  the  chord  of  the  segment 
nad  the  two  radii  of  the  sector. 

Then  the  sum  of  these  two  will  be  the  answer  when  the  segment  is 
greater  than  a  semicircle :  bot  the  difference  will  be  the  antwer 
when  it  is  less  than  a  semicircle. 
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Ex.  Required  die  am  of  the  tegiSintACBD,  its  diordAB^id^ 
12,  And  the  radios  £A  or  CE  10. 


100  A£* 
36AI>« 

64  DE-     < 

iU  root    8  DE 
from       10  CE 

2CD 

4CD- 
36  AD" 

40dionlAC* 

its  root    6-324555  chord  AC 
8 

6    AD 
8    DE 

48  area  of  A  EAB 


50-596440 
12- 

3)38-59644  [ 

2)12-86548  arc  ACB 

6-43274  i  arc 
lOndins 


64-3274  area  of  sect.  EACB 
48*0000  area  of  triangle  £AB 


ans.  16*3274  area  of  segm.  ACBA 


Pro5. 14.    To  find  the  Area  of  a  Circidar  Zone  ADCBA. 

Rule  1.  Find  the  areas  of  the  two  segments  AEB>  DEC»  and  their 
difference  will  be  the  zone  ADCB. 

Rule  2.  To  the  area  of  the  trapezoid  DQP  add  the  area  of  the 
small  segment  ADR :  and  dooble  the  som  for  the  area  of  the  aoae 
ADCB. 

Prob.  15.  To  fiad  the  Area  of  a  Circular  Ring,  or  Space  indaded 
between  two  Concentric  Circles. 

^  The  difference  between  the  two  drcles  will  be  the  ring.  Or*  mul- 
tiply the  som  of  the  diameters  by  their  difference,  and  mnltijdy  the 
product  by  7854  for  the  answer. 

Ex,  llie  diameters  of  the  two  concentric  circles   being  AB  10 
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and  DO  6;  reqiured  the  area  of  the  ring  containea  between  their 
circamfereocea  AEBA,  and  BFGD. 

10  7854 

6  64 


som  16  31416 

dit    4     .      47124 


64        60*2656  Aotr. 


Proh,  16.  To  meaiiire  long  Irregular  Figures. 
'    Take  the  breadth  in  several  places  at  c^oal  distances.    Add  all 
the  breadths  together^ .  and  divide  the  sum  by  the  number  of  them» 
lor  the  mean  breadth  i  which  multiply  by  the  length  for  the  area. 

Ex,  The  breadths  of  an  irregular  figure,  at  five  equi-distant 
places  being  AD  81,  mP7*4,  nq  9*2,  or  10*1,  BC8-6j  and  the 
length  AB  39 ;  required  the  area. 

81 
7-4 
9-2 
101 
8-6 

5)  43-4 

8-68 
39 

7812 
2604 

338*52  Ansr.     . 


MENSURATION  OF  SOLIDS. 


Proh.  1 .  To  find  the  Solidity  of  a  Cube. 

Cube  one  of  its  sides  for  the  contents ;  that  is,  multiply  the  side 
by  itself,  and  that  product  by  the  side  i^n. 


£r.  If  tht  ride  flf  ft  CBhe  be  24  iMhMu  wlMiisili  MikBtYtr 
24 
24 

96 
48 

"676 
24 

2304 
1152 

13824  Aesr. 
Froh.2.  To  find  ^e  Solidity  of  a  PkrftlMepipedoB« 
M«ltiplytliel€ngdibythebicadtb,eiidtbeprodiiclB  bythedeplh 
orehitiide. 

Eg»  Requied  the  oootests  of  the  penOdopipedoii  whoee  leMth 
AB  IS  6,  Its  breedth  AC  2,  and  altitede  £D  3. 
6 


12 
3 

36  Ansr. 
Proh.  3.  To  fiad  die  Solidity  of  eny  Prism* 
MDltiplytheareeof  the  base,  or  end,  by  the  he^nfat,  audit  will 
l^ve  the  eonteots. 

Wbidi  role  will  do,  whether  the  prism  be  triangdlar  or  sqaare,  or 
pcntagoeal,  &e.  or  romid,  as  a  cylinder. 

Ex.  What  is  the  content  of  a  triangolar  prism,  whose  kngtii  is 
12,  and  each  side  of  its  equilateral  base  S } 

Area  of  base,  28  x  12ss336  contents. 
Pro^.  4.  To  find  the  ConreK  SnriiMae  of  a  Cylinds . 
Moltiply  the  drenmferenoe  by  the  height  of  the  cylinder. 
Prob.  5.  To  find  the  Gonvex  Surface  of  a  lUght  Cone. 
Multiply  the  drenmferenoe  of  the  base  by  the  slant  height,  or 
lenffUi  of  the  slde»  and  half  the  prodnct  will  be  the  snrfiioe. 

Ex.  If  the  diameter  of  the  base  be  5  feet»  and  the  side  of  thn 
cone  18«  required  the  conTOx  snrfaoe. 
3-1416 

5 

157080  cireoml 

18 

125664 
15708 


2  )  282-744 

141-372  Ansr. 
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Proir.  6,  To  find  theCooTez  Sorfaceof  the  FrnBtam  of  a  Right  Cone. 
Multiply  the  eiim  of  the  perimeters  of  the  two  ends  by  the  slant 
height  or  side  of  the  frostnm,  and  half  the  prodnct  will  be  the  surface. 
Jlr.  If  the  circomferenoes  of  the  two  ends  be  12*5  and  lO'S,  and 
the  slant  height  14,  reqniied  the  convex  BorOsoe  of  the  fnutnm. 
12*5 
.       10-3 


2  )  319-2 

159*6  Ansr. 

Proh.  1.  To  find  the  Solidity  of  a  Cone,  or  any  Pyramid.    - 
Multiply  the  area  of  the  base  by  the  perpendicnlar  height  of  the 
area,  and  one*third  of  the  product  will  be  the  contents. 

Fnh.  8.  To  find  the  Solidity  of  any  Frustum  of  a  Coae  or  Pyramid. 
Ibc/tf.  Add  together  the  area  of  the  base,  the  area  of  the  upper 
surface,  and  the  mean  proportional  between  those  areas  j  take  one- 
third  of  this  sum  for  the  mean  area,  which  multiplied  by  the  height 
will  give  the  contents.-^-Or,  for  a  cone,  take  the  square  of  each  dia- 
meter of  the  base  and  upper  surface,  and  the  product  of  these  two  di- 
ameters multiplied  together ;  add  these  three  sums  together,  and 
multi]^^  by  *2618  for  the  mean  area,  which  multiply  as  before. 

Or.  if  the  dfcumferences  be  used  in  like  manner,  instead  of  their 
diameters,  the  multiplier  wiU  be  *02654. 

JSr.  What  is  the  content  of  the  frustum  of  a  cone,  whose  heigbl 
IB  20  inches,  and  the  diameters  of  its  two  ends  28  and  20  inches  ? 
Area  of  base  615*79  28  S8  20 

AreaofupperBuHace314*16  28  20  20 

Mean  proportional    439*84       — - 

■         224  560  40f 

3)  1369*79         b^ 

456*59        784  

20       1744 


9131*80 


2618 

13952 
1744 
10464 

3488 

456*5792 

20 

9131*5840  Ansr. 


TOO  AFmoinu 

/"m^.  9.  Tofad  tiM  SoGdItj  ofa  Wc%e. 

To  the  kagtii  of  dw  ed^  add  tvioe  tt«  le^di  €f  tlw  bMk  or  bMe, 
Md  raorre  tke  son ;  Mitiply  the  height  of  the  we^  hy  the 
breedthofthebeee;  then  aaltiply  this  pnidKt  by  the  merred  sea, 
■ad  oae-nzth  of  the  lait  prodact  will  be  the  caateato. 

£r.  Whet  it  the  caateaU  of  a  wtdgt,  wfaeee  ahitade  AP  is  14 
iacbet,  iu  ed^  AB  21  laches,  aad  the  le^th  of  its  ba^  OE  32 
iachcs^aadito  breadth  CD  4|  iaches  ? 
21  U 


32 

H 

32 



«. 

36 

83 

7 

Ml* 

1—. 

63 

83 

313 

304 

3333 
892-3  Ansr. 
Prob.  10.  To  find  the  Solidity  of  a  Prismoid. 
D^nition. — A  prismoid  differs  only  from  the  frustam  of  a  pyramid, 
io  not  having  its  opposite  ends  similar  planes. 

Rule,  Add  into  one  snm,  the  areas  of  the  two  ends  and  four  times 
the  middle  section  parallel  to  then«  and  one-sixth  of  that  snm  will  be 
a  mean  area;  and  being  mdtiplied  by  the  beigbt,  will  give  the 
contenu. 

iVb/e.— >The  length  of  the  middle  section  is  equal  to  half  the  sum 
of  the  lengths  of  the  two  ends ;  and  its  breadth  is  eqnal  to  half  the 
snm  of  the  breadths  of  the  two  ends. 

Ux.  What  are  the  contents  of  a  prismoid  whose  ends  are  rec- 
tangles^  the  length  and  breadth  of  the  one  being  14  and  12  ;  and 
the  corresponding  sides  of  the  other  6  and  4,  the  perpendicular  height 
being  30|  ? 

14  10  6 

12  8  4 

168  80   ,       24 

320 

168 

24 

6  )7u 


AvrsHj}ix.  701 


8ft-i-^  mean  area. 
30|  hdght. 

2560 
42+ 

2602*6  Ansr. 


Prob,  1 J .  To  find  the  Convex  Surface  of  a  Sphere  or  Globe. 
Multiply  its  diameter  by  its  circumference. 

JVb/tf.— In  like  manner  the  convex  surface  of  any  aoae  or  segment 
is  founds  by  multiplying  its  height  by  the  whole  circumference  of  the 
sphere. 

£x.  Required  the  convex  superficies  of  a  globe^  whose  diatoeter 
or  axis  is  24. 

3*1416 

24  diaui 


125664 
62832 


75 '3984  circumf. 
24 


3015936 
1507968 


1809*5616  Ansr. 


ProL  12.     To  find  the  Solidity  of  a  Sphere  or  Globe. 

Moltiply  the  cube  of  the  axis  by  '5236. 

Ex,  What  is  the  solidity  of  the  sphere^  whose  axis  is  IC  > 

12 

12 

144 
12 

1728 
'5236 

10368 
5184 
3456 
8640 

904-7808  Ansr. 
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Proh.  13.  To  find  the  Solidity  of  a  Spherical  SccmeDt. 
To  3  times  the  square  of  the  radios  of  its  base  tM  the  square  of  its 
height ;  then  multiply  the  sum  by  the  height^  and  the  product  anin 
by -5236.  r  -© 

Ex>  Reqnired  the  contents  of  a  spherical  segment,  its  height 
AB  being  4«  and  the  radins  of  its  base  CD  8. 

8  4  -5236 

8  ,4  832 

64  !6  10472 

3  .192  15708 


192 


41888 
435-6352  Ansi . 


83ir 

Prob.  14.    To  find  the  Solidity  of  a  Spherical  Zone  or  Fmstam. 
Add  together  the  square  of  the  radios  of  each  end  and  -f  of  the 
square  of  their  distance,  or  the  height  j  then  multiply  the  snm  by 
the  said  height^  and  the  product  again  by  1  '5708. 

Ejp.   What  is  the  solid  contents  of  a  zone,  whose  greater  diame- 
ter is  12,  the  less  8,  and  the  height  10  inches  > 
6  4  10 

6  4  10 

36  16  3)100 

—  36  

33t  33  j- 

854- 
1-5708 


78540 
125664 
5236 

1340416 
10 

1340-416  Ansr. 

Proh.  15.  To  find  the  Surface  of  a  Circular  Spindle. 

Multiply  the  length  AB  of  the  spindle  by  the  radins  OCof  the  re- 
volving arc.  Multiply  also  the  said  arc  ACB  by  the  central  dif- 
tance  OG,  or  distance  between  the  centre  of  the  spindle  and  centre 
of  the  revolving  arc.  Subtract  the  latter  product  from  the  former, 
and  multiply  the  remainder  by  6*2832,  for  the  mhee. 

Note.  The  same  rule  will  serve  for  uoj  segment  or  zone  cot  oif 
perpendicular  to  the  chord  of  the  revolving  arp»  only  nsing  the  par- 
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ticniar  length  of  the  put,  and  the  paxt  ^  the  arc  which  deacribes  it, 
instead  of  the  whole  length  and  whole  arc* 

Ex.    Required  the  sorfaoe  of  a  circular  spindle,  whose  length 
AB  is  40>  and  its  thickness  CD  30  inches. 

Here^  by  the  remarks  at  pa.  688.       

The  chord  AC  =  V'  AE»  +  CE*  =  V^20«  +  15«  s=  25, 
and  2  CE  :  AC  :  :  AC  :  CO  =|4*  =20^ 
hence  OB  =  OC  -^  CE  =  20^  -  15  =  5^ 
Also,  by  problen  10,  rule  2,  pa.  693 
25  AC 
8 

200 
40  AB 

3)  160 

53i-  arc  ACB 

Then,  byourmle, 
20*  63i. 

40  5-J. 


800 
d3i 

833+ 
311+ 


266f 
44f 


622f  or522-3or  i^ 


6*2832 

10444 

156666 

4\77777 

10444444 

313333333 

3281*22666 


Or  thus, 
6-2832 
4700 

439824 
251328. 

9  )  2953104 

3281*226  ans.  nearly 


ProL  16.    To  find  the  Solidity  of  a  Circular  Spindle. 

Multiply  the  central  distance  OE  by  half  the  area  of  the  revoliag 
■egment  ACBEA.  Subtract  the  product  from  +  of  the  cube  of  £A, 
half  the  length  of  the  spindle.  Then  multiply  the  remunder  by 
12*5664,  or  4  times  3'1416,for  the  whole  contents 
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Em.  Required  Um  oootoito  of  tl^  eireiil«r  spindle,  whose  length 
AB  is  40,  and  middle  diameter  CD  30. 

By  the  work  of  the  last  problem, 
wehaveOEs    6^  20  half  length 


aod  arc  AC  =  2&]. 

20 

•ad  hmL  OC  s  2H 

— — 

1 

400 

S3H 

20 

22f 

— ~ 

— — 

3)8000 

Sector  OACB       955^ 

AExOEsOABll6f 

266(J^ 

128af 

2)43»^ 

— - 

13864- 

\  srg.  ACE    219-^ 

OE        5i 

or  1386-44 

4665-21  mult.  krer. 

1097i 

183  nearly 

138644 

— 

27739 

i28af 

6932; 

832 

83 

5 

•  17423-5  Ansr. 

Proh.  17.  To  find  the  Solidity  of  the  Afiddle  Frastom  or  Zone 
of  a  Circnlar  Spindle. 

From  the  square  of  half  the  length  of  the  whole  spindle,  take  ^ 
of  the  sqoare  of  half  the  length  of  the  middle  frnstam,  and  multiply 

the  remainder  by  the  said  half  length  of  the  fimstom. Multiply 

the  central  distanoe  by  the  revolving  area,  which  ffenerates  the  mid- 
dle frastom. — Subtract  this  latter  product  from  the  former ;  and  the 
remainder  multiplied  by  6*2832,  or  twice  3*1416,  will  gire  the 
contents.  .-.  -  • 

Ex,  Required  the  solidity  of  the  frustam,  wbose  length  m  n  is 
40  inchen,  also  its  greatest  diameter  EF  is  32,  and  least  diameter 
AD  or  EC  24. 

Draw  DG  parallel  to  m  n,  then  we 

have    DG  =  im  n  =  20, 


^     J 
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and     EG  s  lEF  -  IAD  =  4, 
chord  DE*=  DG«  +  GE«  =  416, 

and    DE«  *  EG  =  ^^  104  the  diameter  of  the  genenlinff 

or  the  radios  OE  =  52, 

hence  OI  =  52  -  16  =  36  the  central  distance. 
»nd  HI«  =  0H«  -  01«  «  52«-  36«  =  1408, 
iDG«  =:^of400=         ..         ..      133+; 


I>G        ..         .. 

25493^ 

Ist.  prod. 

GE  *  2  OE  =  -±==1^  -03846  a  ver.  sine 

Its  tab.  segment  , ,  '00994 

bnt  104«        is  ..  10816 

urea  of  seg.  DECGD  107-5 1 104 

m  p  X  mn  =  12  X  40  480' 


gener.  area  m  DEC  n  587*5 1 104 

01  36 


21150-39744  2d  product 
25493-33333  1st  product 

4342-93589 

2382-6        mnit.  iny. 


27287-5  Ansr. 

Proh.  18.  To  find  the  Superficies  or  Solidity  of  anyR»darBodT 

1.  Multiply  the  Ubolar  area  (taken  from  the  followiS  table)  by 
the  soivire  of  the  hnear  edge  of  the  body  for  the  superficies. 

2.  Multiply  the  tabular  solidity  by  the  cube  of  the  linear  edce^ 
for  the  solid  contents*  ^ 


2Z 
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Surfaces  aod  Solidities  of  Regular  Bodiea.           | 

No.  of 
Sides 

Nmms 

Soifaces 

SelidUiea 

4 

6 

8 

12 

20 

Tetraedroo 

Heicaedron 

OctaedroD 

DodecaedroD 

leosaedron 

1-73205 
600000 
3-46410 
20-64573 
866025 

011785 
100000 
0-47140 
7-66312 
218169 

Ex.   If  tbe  linear  edge  or  side  of  a  tetraedroo  be  3,  requred  its 
snrfiMt  and  solidity. 

•      Tbe  square  of  3  is  9,  and  the  cobe  27».    Then^ 
tab.  snr.  1*73205  0*11785  tab.  sol. 

9  27 


saperf.    15-58845 


82495 
23570 


solidity  3' 18 195 
Prob.  19.  To  find  the  Sarfaoe  of  a  Cylindrical  Ring. 
Thb  figure  being  only  a  cylinder  bent  round  into  a  ring^  its  snriaoe 
and  solidity  may  1^  found  as  in  the  cylinder,  namely^  1^  mkiplying 
the  axis,  or  length  of  the  cylinder,  by  the  circomference  of  the  ring 
or  section,  for  the  surface  ;  and  by  the  area  of  a  section^  for  the  so- 
fidity.    Or  use  the  following  rules  : 

For  the  surface.— —To  the  thickness  of  the  ring  add  the  inner 
diameter  -,  multiply  this  uun  by  the  thickness,  and  the  prodoct  again 
by  9-8696»  or  the  square  of  3*1416. 

Eg,  RiMiuirod  the  superficies  of  a  ring,  whose  thickness  AB  is  2 
inches,  and  inner  diameter  BC  is  12  in(£es. 
12  9-8696 

2  28 


14 
2 


789568 
197392 


28  276-3488  Ansr. 

Prob.  20.  To  find  the  SoHdity  of  a  Cylindrical  Ring. 
To  the  thickness  of  the  ring  add  the  inner  diameter  ;  then  multiply 
(he  sum  by  the  square  of  the  thidmess,  and  the  prodoct  sgm  by 
2*4674,  or  i  of  the  square  of  3*1416,  for  the  solidity. 
'    Ex,  Required  the  solidity  of  the  ring  whose  thickaeseia  4  i 
and  its  inner  diameter  12. 

12  2-4674 

2  56 


14 

148044 

4 

123370 

56 

138*1744  Ansr. 

USEFUL  RECEIPTS. 


Compounds  of  MeUds, 
Aij^/e  jlfa/oi.— No.  1. 

4  oz.  of  bismuth, 
2^  oz.  of  lead,  and 
If.oz.  of  tin. 

^nt  the  Ini mnth  into  a  crncible,  and,  when  it  is  melted,  add  the  lead 
and  tin.  This  will  form  an  alloy  fasible  at  the  temperature  of  boiling 
water. 

No.  2.— —  1  oz.  of  zinc, 

1  oz.  of  bismnth,  and 

1  oz.  of  lead. 

This  alloy  is  so  very  fusible,  that  it  will  remun  in  a  state  of  fusion  if 
put  on  a  sheet  of  paper^  and  held  over  the  flame  of  a  candle  or  lamp. 
No.  3.-— —3  parts  of  lead, 

2  parts  of  Unhand 

5  parts  of  bismuth, 

will  form  an  alloy  fusible  at  197^  Fahrenheit^  peculiarly  applicable 
to  casting,  or  the  taking  of  impressions  from  gems,  seals,  &c.  In 
making  casts  with  this  and  similar  allovs,  it  is  necessary  to  use  the 
metal  at  as  low  a  temperature  as  possible ;  otherwise,  the  water  ad- 
hering to  the  things  from  which  the  casts  are  to  be  taken,  forma 
vapour,  and  produces  bubbles.  The  fused  metal  should  be  poured 
into  a  tea-cap,  and  allowed  to  cool,  till  just  ready  to  set  at  the  edges, 
when  it  must  be  poured  into  the  mould.  In  taking  impressions  from 
ffems,  seals,  &c.  the  fiased  alloy  should  be  placed  on  paper  or  paste* 
board*  and  stirred  about  till  it  has,  by  cooling,  attained  the  consia- 
tenoe  of  paste,  at  which  moment  the  die,  gem,  or  seal  should  be 
stamped  on  it,  and  a  very  sharp  impression  will  then  be  obtained* 
Baih  Motal,  is  a  mixture  of 

4i  oz.  of  zinc,  with 
1  lb.  of  brass. 
Brass  is  composed  of 

4^  lb.  of  copper,  and 
]|lb.  of  zinc. 
Bot  brass  that  is  to  be  cast  into  plates,  from  wluch  pans  and  kettles 
are  to  be  made,  and  wire  is  to  be  drawn,  most,  instead  of  usbg  die 
zinc  in  a  pure  state,  be  composed  of 

56  lb.  of  the  finest  calamine^  or  oreof  sine,  and 
34  lb.  of  copper. 
2Z2 
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Old  bnMj  wbich  has  been  freqoently  exposed  to  <be  act«i>a  of  fire, 
when  mixed  with  the  copper  and  calamine,  renders  the  brass  far  more 
ductile,  and  fitter  for  the  making  of  fine  wire,  than  it  would  be  with- 
ont  it ;  bnt  the  German  brass,  particularly  that  of  Nurembn^,  is, 
when  drawn  into  wire,  said  to  be  far  preferable  to  any  made  in  Eng> 
land,  for  the  strings  of  musical  instruments. 

PmcA5«ci.— tNo.  1. 

5  OK.  of  pure  copper,  and 

1  OS.  of  zinc. 

The  sine  must  not  be  added  till  the  copper  is  in  a  state  of  fusion. 
Some  use  only  half  this  quantity  of  zinc,  in  which  proportion  the 
aUoy  is  more  easily  worked,  especially  in  the  making  of  jewellery. 

No.  2.— 1  oz.  of  brass. 

2  oz.  of  copper. 
Fused  together,  under  a  coat  of  charcoal  dust. 

Prince sMetal.'^^o,  I. 

3  oz.  of  copper^  and 
1  oz.  of  zinc. 

Or,  8  oz.  of  brass,  and 

1  oz.  of  zinc. 

o.  2.         i  oz.  of  cof^r,  and 

2  oz.  of  zinc. 

In  thb  last,  the  copper  must  be  fused  before  the  zinc  is  added. 
V^hen  they  have  combined,  a  very  beautiful  and  useful  alloy  is  formed^ 
ailed  Prince  Rupert's  metal. 

Be^3f<r/a/.— No.  1. 

6  parts  of  copper,  and 
2  parts  of  tin. 

(hese  proportions  are  the  most  approved,  for  beHs,  throughout  Eu- 
rope, and  in  China.  In  the  union  of  the  two  metals,  the  combiaation 
is  so  complete,  that  the  specific  gravity  of  the  alloy  is  greater  than 
that  of  the  two  metals  in  an  uncombined  state. 
No.  2.-— —10  parts  t>f  copper,  and 
2  parts  of  tin. 

It  may.  In  general,  be  observed,  that  a  less  proportion  of  tin  is 
used  for  making  church-bells  than  clock  bells  ;  and  that  a  little  zinc 
is  added  for  the  bells  o(  repeating  watches,  and  other  small  bellsw 

Tutania,  or  Briiannia  MeUt. — No.  1 . 

4  oz.  of  plate  brass,  and 

4  oz.  of  tin  ;  when  in  fusion,  add 

4  oz.  of  bismuth^  and 

4  oz.  of  regulus  of  antimony. 

This  is  the  composition,  or  hardening,  that  is  to  be  added,  at  dis- 
cretaon,  t<^  melted  tin,  nntil  it  has  acquired  the  requisite  degree  «f 
ooloorand  hardness. 

No.  2.— Melt  together,  2  lb.  of  plate  brass, 
2  lb.  of  tiuj 
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2  lb.  of  bismuth, 
2  lb.  regalus  of  antimony, 
2  lb.  of  a  mixtnre  of  copper  and  arsenic, 
either  by  cementation  or  melting. 

This  composition  is  to  be  added,  at  discretion,  to  melted  tin. 

No.  3.—— 1  lb,  of  copper, 

1  lb.  of  tin,  And 

2  lb.  of  regnlns  of  antimony,  with  or  withontia 

little  bismuth* 

No.  4.F-— — 8  oz.  of  shmff  brass, 

2  lb.  regnlns  of  antimony,  and 
10  lb.  of  tin, 

Germmn  Tuiania. 

2  drachms  of  copper, 

1  oz.  regnlns  of  antimony,  and 
12  oz.  of  tin« 

Spanish  Tuiania, — No.  1. 

8  oz.  of  scrap  iron  or  steel, 
I  lb.  of  antimony,  and 

3  oz.  of  nitre. 

The  iron  or  steel  must  be  heated  to  a  white  heat,  and  the  antimony 
and  nitre  must  be  added  in  small  portions.  Melt  and  harden  1  lb«  of 
tin  with  2  oz.  of  this  compound. 

No.  2. — Melt  together,  4  oz.  of  antimony, 

1  oz.  of  arsenic,  and 

2  lb.  of  tin. 

The  first  of  these  Spanish  alloys  wonld  be  a  beautifbl  metal  if  ar- 
senic were  added. 

Engettrwnn  Tuiania, 

4  parts  copper, 

8  parts  T^gulus  of  antimony,  and 
1  part  bismuth. 

When  added  to  100  parts  of  tin,  this  compound  will  be  ready  tor  ase. 

Queens  Meial. — No.  1. 

■|  lb.  of  tin, 
lb.  bismuth, 
lb.  antimony,  and 
'i  lb.  lead. 

This  alloy  is  used  for  the  making  of  tea-pots,  and  other  vessels, 
which  are  required  to  imitate  silver.     It  retuns  its  lustre  to  the  last. 
No.  2.-i — 100  lb.  of  tin, 

8  lb.  regulus  of  antimony, 
1  lb.  bismuth,  and 
4  lb.  copper. 
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10  OS.  of  lead, 

6  Of.  of  bitmBth,  and 

4  dnduM  f^gvlni  of  anftiiiiony* 

N«.2^-^2  U).  of  rafolM  of  ailuM»qr. 
8  01.  of  braMf  md 
10  OB.  of  lin. 

CwmmmHmd  Widii  MHol. 

llb.afbnM, 
H  oz.  of  ziACj  and 
I  oz.  of  tin. 

Tombac.  16  lb.  of  copper, 

1  lb.  of  tin,  and 
1  lb.  of  zinc. 

Bed  Tomhae.  51  lb.  of  copper,  and 

{ lb.  of  zinc 

Hio  copper  most  be  f oaed  in  the  cradUe  before  the  sine  b  added. 
This  alloy  u  of  a  reddish  coloorj  and  posaesaea  morelnztre,  and  is  of 
greater  durability,  than  copper. 

WhiU  Ttmhac.        Copper  and 
.    Arsenic, 
Pot  together  in  a  cmdble,  and  melted*  covering  the  surftoe  with  nm- 
riate  of  soda,  to  prevent  oxidation,  will  form  a  white  brittle  alloy, 

Gmn  MeUU^^o.  1 .  1 12  lb.  of  Bristol  brass, 
14  lb.  zinc,  and 
7  lb.  block  tin. 

No.  2.— —9  parts  copper,  and 
1  part  tin. 
The  above  oompoonds  are  those  need  in  the  manafaetire  of  small 
and  great  brass  gnns,  swivels,  Ac 

Blanched  Copper.        8  oz.  of  copper,  and 

4  oz.  of  neutral  arsenical  salt, 
fined  together,  under  a  flux  composed  of  caldned  bono,  charcoal 
dust,  and  line  powder  glass. 

Specula  of  Telescopes. 

7  lb.  of  copper,  and  when  fused,  add 

3  lb.  of  zinc,  and 

4  lb.  of  tin. 

These  metals  will  combine  and  form  a  beantifod  alloy  of  great  Iwire, 
and  of  a  light  yellow  colour,  fitted  to  be  made  into  specula  Hu-  teles- 
o6pes.  Mr.  Mudge  used  only  copper  and  grain  tin,  in  the  proportion 
of  two  pounds  to  fourteen  and  a  half  ounces. 

KusHHen's  Metal  for  Tinnmg. 

To  1  lb.  of  malleable  iron^afc  a  wMtaheatt  add 
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ft  OS.  of  regnhu  of  ntiBoiiy,  add 
24  ib.  of  th6  purest  Molucca  tin. 
Tkk  altoy  poCshes  withoat  the  blue  tint,  and  is  fiee  from  lead  or 
arsenic. 

Metal  far  Flute-key  VeUves, 

4  02.  lead^  and 
2  OS.  antimony^ 
Ibsed  in  a  cmoible,  and  cast  into  a  bar,  forms  an  alloy  of  considerable 
hardness  and  lastre.    It  is  osed  by  flute  mannfacturers  (when  tamed 
iato  small  bnttons  in  a  lathe,)  for  making  Takes  to  stop  the  key- 
holes of  flutes. 

Printeri  Types.      10  lb.  of  lead,  and 
2  lb.  of  antimony. 
The  antimony  mnst  be  thrown  into  the  crucible  when  die  lead  is  in 
a  state  of  fusion.    The  antimony  gives  a  hardness  to  the  lead,  without 
which,  the  type  would  speedily  be  rendered  useless,  in  a  printing 
press.    Different  proportions  of  lead,  copper,  brass,  and  antimony, 
ftiequently  constitute  this  metal.     Every  artist  has  his  own  propor* 
lions,  so  that  the  same  composition  cannot  be  obtained  from  diffei'ent 
foundries  3  each  boasts  of  the  superiority  of  his  own  mixtore. 
Small  Types  and  Stereotype  Plates, — No.  1 . 

9  lb.  of  lead,  and  when  melted,  add 
2  lb.  of  antimony,  and 

1  lb.  of  bismuth. 

This  alloy  expands  as  it  cools,  and  is,  therefore,  well  suited  for  the 
formation  of  small  printing  types,  (particularly  when  many  are  cast 
together,  to  form  stereotype  plates,)  as  the  whole  of  the  mould  is 
accurately  filled  with  the  alloy  3  consequently,  there  can  be  no  ble* 
mish  in  the  letters. 

No.  2.-  ■  -8  parts  lead, 

2  parts  antimony,  and 
f  part  tin. 

For  the  manufacture  of  stereotype  plates,  plaster  of  Paris,  of  the 
consistence  of  a  batter  pudding  before  baking,  is  poured  over  the  let- 
ter-press  page,  and  worked  into  the  interstices  of  the  types,  with  a 
brush.  It  is  then  collected  from  the  sides,  by  a  slip  of  iron  or  wood, 
so  as  to  lie  smooth  and  compact.  In  about  two  minutes,  the  whole 
mass  is  hardened  into  a  solid  cake.  This  cake,  which  is  to  serve  as 
the  matrix  of  the  stereotype  plate,  is  now  put  upon  a  rack  in  an  oven, 
where  it  undergoes  great  heat,  so  as  to  drive  off  superfluous  moisture. 
When  ready  for  use,  these  moulds,  according  to  their  size,  are  placed 
in  flat  cast-iron  pots,  and  are  covered  over  with  another  piece  of 
cast-iron,  perforated  at  each  end,  to  admit  the  metallic  composition 
intended  for  the  preparation  of  the  stereotype  plates.  The  flat  cast- 
ir<m  pots  are  now  fastened  in  a  crane,  which  carries  them  steadily  to 
the  metallic-bath,  or  melting-pot,  where  they  are  immersed,  and 
kept  for  a  considerable  tiine,  Until  all  the  pores  and  crevices  of  the 
mould,  are  completely  and  aocorately  fiUecU  When  this  has  taken 
place,  the  pots  are  elevated  from  the  bath>  by  working  the  crane,  and 
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are  pboed  ofor  a  wtter*troogb»  to  oool  gnanally.  Wben  cold,  t^ 
whole  18  turned  oat  of  the  pote^  and  the  plaster  being  separated,  by 
hammering  and  waahlnc,  the  plates  are  ready  lor  nae,  hayiof  reodted 
the  most  exact  and  perfect  impression. 

Metalik  Casts  from  Engravings  on  Copper, 

A  meet  important  discovery  has  lately  been  made«  which  promises 
to  be  of  considerable  utility  in  the  fine  arts :  some  very  beantifiil 
specimens  of  metallic  plates^  of  a  pecnliar  composition,  have  lately 
appeared,  nnder  the  name  of  "  cast  engravings."  This  invenlioa 
consists  in  taking  moulds  from  every  kind  of  engravings,  with  line, 
menotinto,  or  aqnatinta,  and  pouring  on  this  mould  an  allov,  in  a 
atate  of  fusion,  capable  of  taking  the  finest  impression.  The  obvioua 
utility  of  this  invention,  as  applicable  to  engravings  which  meet  widi 
a  ready  sale,  and  of  which  great  numbers  are  required,  will  be  incid- 
cnlaUe ;  as  it  will  wholly  prevent  the  expense  of  retracing,  which 
forms  so  prominent  a  charge  in  all  works  of  an  extended  sale.  No 
sooner  is  one  cast  worn  out,  than  another  may  be  immediately  pro- 
cured from,  the  original  plate»  so  that  every  impression  will  be  a 
proof.  Thus,  the  works  of  our  most  celebrated  artists  may  be  handed 
down,  ad  tf(/Eni/ttm,  for  the  improvement  and  delight  of  future  agea^ 
and  will  afford,  at  the  same,  time,  the  greatest  satisfaction  to  every 
lover  of  the  fine  arts. 

Common  Pewter,    7  lb.  of  tin, 

1  lb.  of  lead, 

6  oz.  of  copper,  and       v 

2  oz.  of  zinc. 

The  copper  must  be  fused  before  the  other  ingredients  are  added. 
This  combination  of  metals  will  form  an  alloy  of  great  durability  and 
tenacity ;  also,  of  considerable  lustre. 

Best  Pewter,       100  parts  tin,  and 

17  parts  regulus  of  antimony. 

Hard  Pewter.       12  lb.  of  tin, 

1  lb.  regulus  of  antimony,  and 
4  oz.  of  copper. 

Common  Solder,      2  lb.  of  lead,  and 
1  lb.  of  tin. 

The  lead  must  be  melted  before  the  tm  is  added.  This  anoy>  when 
heated  by  a  hot  iron,  and  applied  to  the  tinned  iron  with  powdered  rosin, 
acts  as  a  cement  or  solder  5  it  is  also  used  to  join  lead  inpes,  kc»  &c 

^  Solder.  2  lb.  of  tin,  and 

lib.  of  lead. 

Solder  for  Steel  Joints. 

1 9  d wts.  of  fine  silver, 

1  dwt.  copper,  and 

2  dwts.  brass. 
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melted  together  under  a  coat  of  charcoal  dost.  This  solder  possesses 
several  advaatages  over  the  asaal  zinc  soda,  or  brass,  when  employed 
in  soldering  cast  steel,  &c.  as  it  fuses  with  less  heat»  and  its  white- 
ness  has  a  better  appearance  than  brass. 

Silver  Solder  Jor  Jewellers* 

19  dwts.  of  ftnc  silver, 
I  dwt.  copper,  and 
10  dwts.  brass. 

Silver  Solder  Jor  Plating. 

10  dwts.  brass,  and 

1  oz.  pure  silver. 

Gold  Solder.  1 2  dwts.  pnre  gold, 

2  dwts.  pure  silver,  and 
4  dwts.  copper. 

Brass  Solder  for  Iron, — ^Thio  plates  of  brass  are  to  be  melted  be- 
tween the  pieces  that  are  to  be  joined.  If  the  work  be  very  fine, 
as  when  two  leaves  of  a  broken  saw  are  to  be  brazed  together,  cover 
it  with  pulverized  borax,  melted  with  water^  that  it  may  incorporate 
with  the  brass  powder,  which  is  added  to  it :  the  piece  must  be  then 
exposed  to  the  fire,  without  touching  the  coals,  and  heated  till  the 
brass  is  seen  to  run. 
Bronze, 7  lbs.  pure  copper, 

3  lbs.  zinc,  and 

2  lbs.  tin. 
The  copper  must  be  fused  before  the  other  ingredients  are  added. 
These  metals,  when  combined,  form  the  bronze  so  much  used,  both 
in  ancient  and  modern  times,  in  the  formation  of  busts,  medals,  and 
statues. 
Composition  of  ancient  Statues, 

According  to  Pliny,  the  metal  used  by  the  Romans  for  their  sta- 
tues, and  for  the  plates  on  which  they  engraved  inscriptions,  was 
composed  in  the  following  manner.  They  first  melted  a  quantity  of 
copper,  into  which  they  put  l*3d  of  its  weight  of  old  copper,  which 
had  t>een  long  in  use  ;  to  every  lOOIbs.  weight  of  this  mixture,  they 
added  12^  lbs.  of  an  alloy  composed  of  equal  parts  of  lead  and  tm. 

Mdck  Platina.^Melt  together 

8  oz.  of  brass,  and 
5  oz.  of  zinc. 

Useful  alloy  of  Gold  tviih  Platinum, 

7-T  dr.  pore  gold,  and 
k  dr.  platinum. 
The  platinum  must  be  added  when  the  gold  is  perfectly  melted.    The 
two  metals  will  combine  intimately,'  forming  an  alloy  rather  whiter 
than  pore  gold,  but  remarkably  doclile  and  elastic ;  it  is  also  less 


714  APPBMPIX. 

perialMifale  than  pore  gold»  or  jeweller's  gi^:  bat  more  readily  foiilile 
thee  that  netal. 

These  excelleat  qaaUties  most  reoder  this  alloy  an  object  of  great 
interest  to  workers  in  metals.  For  springs,  whtan  stem  camK>t  be 
used,  it  will  prove  exceedingly  advaaUigeoas. 

It  is  a  corions  circomstance,  that  the  alloy  of  gold  and  platinam  ii 
soloble  in  nitric  acid,  which  does  not  act  on  either  of  the  metals  in  a 
separate  state.  It  is  remarkable^  too^  that  the  alloy  has  veij  nearly 
the  ooloor  of  p1atinnm>  even  wheD  composed  of  eleven  parts  0/ gold  to 
one  of  the  former  metal. 

Ring-gold,  6  d wts.  1 2  grs.  Spanish  copper, 

3  dwts.  16  grs.  fine  silver,  and 
1  oz.  5  dM^.  gold  coin. 

Gold  from  35i.  to  40«.  per  ounce, 

8  oz.  8  dwts.  Spanish  copper, 
10  dwts.  fioe  silver^  and 
1  oz.  gold  coin. 

Manhnrn'-goldf  or  Similor, 

3-i  oz.  of  copper, 
14- oz.  of  brass,  and 
15  gr.  of  pore  tin. 

Gildmg^Metal.  4  parts  of  copper^ 

1  part  of  Bristol  old  brass,  and 
14  oz.  of  tin  to  every  poond  of  copper. 

Fn-  common  jewellery  ,3  parts  of  copper, 

1  part  of  Bristol  old  brass,  and 

4  oz.  of  tin  to  every  ponnd  of  copper. 

If  this  alloy  is  for  fine  polishing,  the  tin  may  be  omitted,  and  a  mix* 
tore  of  lead  and  antimony  sobstitnted.  Paler  polishing  metal  is 
made  by  reducing  the  copper  to  two  or  to  one  part. 

Yellow  Dipping  JWe/a/.— No  1. 

2  parts  of  Cheadle  brass, 

1  part  of  copper,  with  a  little 
Bristol  old  brass,  and 
I  oz,  of  tin  to  every  poond  of  copper., 
This  alloy  is  almost  of  the  colour  of  gold  com.    Cheadie  brass  la  At 
darkest,  and  gives  the  metal  agreeniah  hoe.    Old  Bristol  braat  « 
pale  and  yellow. 

No.  2. — 1  lb.  of  copper,  and 

5  oz.  of  zinc. 

The  copper  shoold  be  toogh  cake,  and  not  tile. 

When  antimony  is  osed  inefeaad  of  tin,  it  shoold  be  in  smallec 
qoantity,  or  the  metal  will  be  brittle. 

Fmitatum  of  Silver,     f  oz.  Of  tin,  and 

1  lb.  of  copper, 
Wm  make  a  pale  bdl-metal,  which  witt  roll  and  ring  very  MW  te 
sterling  silver. 
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PREPARATION  OF  FOILS. 

Foils  are  thin  plates  or  leaves  of  metal  that  are  pnt  under  stones^ 
or  compositions  in  imitation  of  stones^  when  they  are  set. 

The  intention  of  foils  is  either  to  increase  the  lustre  or  play  of  the 
stones,  or  more  generally  improve  the  colour^  by  giving  an  additional 
force  to  the  tinge,  whether  it  be  natural  or  artificial^  by  that  of  a 
ground  of  the  same  hne>  which  the  foil  is  in  this  case  made  to  be. 

There  are  consequently  two  kinds  of  foils  j  the  one  is  colourless^ 
where  the  effect  of  giving  lustre  or  play  to  the  stone  is  produced  by 
the  polish  of  the  surface,  which  makes  it  act  as  a  mirror,  and^  by 
reflecting  the  light,  prevents  that  deadness  which  attends  the  having  a 
duller  ground  under  the  stone,  and  brings  it,  by  the  double  refraction 
of  the  light  that  is  caused,  nearer  to  the  effect  of  the  diamond.  The 
other  is  coloured  with  some  pigment  or  stain  of  the  same  hue  as  the 
stone,  or  of  some  other  which  is  intended  to  modify  and  change  the 
hue  of  the  stone  in  some  degree ;  as,  where  a  yellow  foil  may  be  put 
under  green,  which  is  too  much  inclining  to  the  blue,  or  under  crimson, 
where  it  is  desired  to  have  the  appearance  more  orange  or  scarlet. 

Foils  may  be  made  of  copper  or  tin  ;  and  silver  has  been  some* 
times  used,  with  which  it  has  been  advised,  for  some  purposes,  to 
mix  gold,  but  the  expense  of  either  is  needless,  as  copper  may  be 
made  to  answer  the  same  end. 

To  prepare  Copper  for  Foth.'^Where  coloured  foils  are  wanted, 
copper  may  therefore  be  best  used,  and  may  be  prepared  for  the 
puipose  by  the  following  means. 

Take  copper  plates  beaten  to  a  proper  thickness,  and  pass  them 
betwixt  a  pair  of  fine  steel  rollers  very  close  set,  and  draw  them  as 
thin  as  is  possible  to  retain  a  proper  tenacity.  Polish  them  with  very 
fine  whiting,  or  rotten-stone,  till  they  shine,  and  have  as  mucn 
brightness  as  can  be  given  them,  and  they  will  then  be  fit  to  receive 
the  colour. 

To  whiten  2^oi/f.«— Where  the  yellow,  or  rather  orange-colour  of 
the  ground  would  be  injurious  to  the  effect,  as  in  the  case  of  pur- 

Sles,  or  crimson  red,  the  foils  should  be  whitened,  which  may  be 
one  by  the  following  manner. 

,  Take  a  small  quantity  of  silver,  and  dissolve  it  in  aqua-fortis,  and 
then  put  bits  of  copper  into  the  solution,  and  precipitate  the  silver ; 
which  being  done,  the  fluid  must  be  poured  off,  and  fresh  water 
added  to  it,  to  wash  away  all  the  remainder  of  the  first  fluid  5  after 
which  the  silver  must  be  dried,  an  equal  weight  of  cream  of  tartar  and 
common  salt  must  then  be  ground  with  it,  till  the  whole  is  reduced  to 
a  very  fine  powder  ;  and  with  this  mixture  the  foils,  being  first  slight- 
ly moistened,  must  be  rubbed  by  the  finger,  or  a  bit  of  linen  nig, 
^11  they  be  of  the  degree  of  whiteness  derirod ;  after  which,  if  it 
appear  to  be  wanted,  the  polish  ronst  be  refreshed. 
The  tin-foils  are  only  used  in  the  case  of  colourless  stones*  wheroL 
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quicksilver  is  employed }  and  they  may  be  drawn  out  by  the  aame 
roUera,  bat  need  not  be  further  polished,  so  that  effect  is  prodooed 
by  other  means  in  this  case. 

Foils  for  cryttalst  pebbles,  or  paste,  to  give  the  luttre  and  play  of 
diamonds* — ^The  manner  of  preparing  foils,  so  as  to  give  colonrless 
stones  the  greatest  degree  of  play  and  lostre,  is  by  raising  so  high  a 
polish  or  smoothness  on  the  surface^  as  to  give  them  the  effect  of  a 
mirror,  which  can  only  be  done,  in  a  perfect  manner,  by  the  nse  of 
qoicksilver^  applied  in  the  same  general  way  as  in  the  case  of  look- 
ing-glass. The  method  by  which  it  may  be  best  performed  is  aa  follows. 

Take  leaves  of  tin,  prepared  in  the  same  manner  as  for  silvering 
looking-glasses,  and  cat  them  into  small  pieces  of  snch  size  as  to 
cover  the  surface  of  the  sockets  of  the  stones  that  are  to  be  set.  Lay 
three  of  these  then,  one  upon  another,  and  having  moistened  the  in- 
side of  the  sod^t  with  thin  gum- water,  and  sn&red  it  to  become 
again  so  dry,  that  only  a  slight  stickiness  remuns,  put  the  three 
pieces  of  leaves,  lying  on  each  *^ other,  into  it,  and  adapt  them  to  the 
snrfaoe  in  as  even  a  manner  as  possible.  When  this  is  done,  heat  the 
socket,  and  fill  it  with  warm  quicksilver,  which  most  be  suffiered  to 
continue  in  it  three  or  four  minutes*  and  then  gently  poured  out 
The  stone  must  then  be  thrust  into  the  socket,  and  dosed  with  it, 
care  having  been  taken  to  give  such  room  for  it  that  it  may  enter 
without  stripping  off  the  tin  and  quicksilver  from  any  part  of  the 
surface.  The  work  should  be  well  closed  round  the  stone,  to  pre- 
vent the  tin  and  quicksilver  contained  in  the  socket  from  being  shaken 
out  by  any  violence. 

The  lustre  of  stones  set  in  this  manner,  will  continue  longer  than 
when  they  are  set  in  the  common  way,  as  the  cavity  round  them 
being  filled,  there  will  be  no  passage  found  for  moisture,  which  is  so 
injurious  to  the  wear  of  stones  treated  in  any  other  way. 

This  kind  of  foil  likewise  giv^  some  lustre  to  glass  or  ether  trans- 
parent matter,  which  has  little  of  itsdf ;  but  to  stones  or  pastes, 
that  have  some  share  of  play,  it  gives  a  most  beautiful  brilliance. 

To  colour  Foils, — ^Tl^o  methods  have  been  invented  for  colouring 
foils  :  the  one  by  tinging  the  surface  of  the  copper  of  the  colour  re- 
quired by  means  of  smoke,  the  other  by  stainmg  or  painting  it  with 
some  ingment  or  other  colouring  substance. 

Tlie  colours  used  for  painting  foils  may  be  tempered  with  either 
oil,  water  rendered  duly  viscid  by  gum-arabic,  size,  or  varnish. 
Where  deep  colours  are  wanted,  oil  is  most  proper,  because  some 
pigments  become  wholly  transparent  in  it,  as  lake,  or  Prussian  blue  ; 
the  yellow  and  green  may  be  better  laid  on  in  varnish,  as  these  co- 
lours may  be  htui  in  perrection  from  a  tinge  wholly  dissolved  in  spirit 
of  wine,  in  the  same  manner  as  in  the  case  of  lacquers  5  and  the  most 
beautifal  green  is  to  be  produced  by  distilled  verdigris,  which  is  apr 
to  lose  its  colour  and  turn  black  with  oil.  In  common  cases,  how- 
ever, any  of  the  colours  may  be,  with  the  least  trouble,  laid  on  with 
isin|[la8S  size,  in  the  same  manner  as  the  glazing  colours  used  iu 
miniature  minting. 
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Ruhy^Coloura.'-^For  red,  wbere  the  ruby  is  to  be  imitated,  a  little 
lake  used  in  isinglass  size*  carmine,  or  sheii-lac  Varnish,  is  to  t>e  em* 
ployed,  if  the  glass  or  paste  be  of  a  full  crimson,  veiling  towards  the 
pnrple ;  bot  if  the  glass  incline  to  the  scarlet,  or  orange,  very  bright 
lake  (that  is,  not  purple)  may  be  used  alone  in  oil. 

Garnet  Red. — For  the  garnet  red,  dragon*8  blood  dissolved  in  seed- 
lac  varnish  may  be  used  j  and  for  the  vinegar  garnet,  the  orange-lake 
tempered  with  shell-lac  varnish,  will  be  found  excellent. 

Amethyst.^-For  the  amethyst,  lake,  with  a  little  Prnssian  blae« 
used  with  oil,  and  very  thinly  spread  on  the  foil^  will  completely  an- 
swer the  end. 

Blue* — For  blae,  where  a  deep  colour,  or  the  effect  of  the  sapphire 
is  wanted,  Prussian  blue,  that  is  not  too  deep,  should  be  used  in  oil, 
and  it  should  be  spread  more  or  less  thinly  on  the  foil  according  to 
the  lightness  or  deepness  of  the  colour  required. 

Eagie  Marine. — For  the  eagle-marine,  common  verdigris,  with  a 
little  Prussian  blue,  tempered  in  shell-Jac  varnish. 

ye//oti^.— Where  a  full  yellow  is  desired,  the  foil  may  be  coloured 
with  a  yellow  lacquer,  laid  on  as  for  other  purposes  j  and  for  the 
slighter  colour  of  topazes,  the  burnish  and  foil  itself  will  be  sufficiently 
strong  without  any  addition. 

Green.— For  green,  where  a  deep  hue  is  required,  the  crystals  of 
verdigris,  tempered  in  shell-lac  varnish,  should  be  used,  but  where 
the  emerald  is  to  be  imitated,  a  little  yellow  lacquer  should  be  added, 
to  bring  the  colour  to  a  truer  green,  and  less  verging  to  the  blue.     . 

Other  Colours. — The  stones  of  more  diluted  colour,  such  as  the 
amethyst,  topaz,  vinegar-garnet,  and  eagle-marine,  may  be  very 
cheaply  imitated  by  transparent  white  glass  or  paste,  even  without 
foils.  This  is  to  be  done,  by  tempering  the  colours  above  enume- 
rated with  turpentine  and  mastic,  and  painting  the  socket  in  which 
the  counterfeit  stone  is  to  be  set  with  the  mixture,  the  socket  and 
stone  itself  being  previously  heated.  In  this  case,  however,  the  stone 
should  be  immediately  set,  and  the  socket  closed  upon  it  before  the 
mixture  cools  and  ^ows  hard.  The  orange-lake  above-mentioned 
was  invented  for  this  purpose,  in  which  it  has  a  beautifal  effect,  and 
was  used  with  great  success  by  a  considerable  manufacturer.  The 
colour  it  produces  is  that  of  the  vinegar-garnet,  which  it  affords  with 
great  brightness.  The  colours  before  directed  to  be  used  in  oil  should 
be  extremely  well  ffroand  in  oil  of  turpentine,  and  tempered  with 
old  nut  or  poppy-oif  5  or,  if  time  can  be  given  for  their  diying,  with 
strong  fat  oil ;  diluted  with  spirit  of  turpentine,  which  will  gain  a 
fine  polish  of  itself. 

The  colours  used  in  varnish  should  be  likewise  thoroughly  well 
cround  and  mixt ;  and  in  the  case  of  the  dragon's  blood  in  the  seed- 
lac  vmmish  and  the  lacquer,  the  foils  should  be  warmed  before  they 
are  laid  out.  All  the  mixtures  should  be  laid  on  the  foils  with  a  broad 
soft  brush,  which  must  be  passed  from  one  end  to  the  other,  and.no 
part  should  be  crossed,  or  twice  gone  over,  or,  at  least,  not  till  the 
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irstooat  can  be  dry ;  when,  if  the  colour  do  not  lie  strong  eQOiig)i> 
a  seoond  coat  may  be  given. 


GILDING,  SILVERING,  AND  TINNING. 

GoU  powder  for  Gilding. — Gold  powder  may  be  prepared  in  3 
diffnrent  ways  :— let,  pot  into  an  earthen  mortar  some  gold-leaf, 
with  a  Uttle  honey,  or  thick  gnm-water,  and  grind  the  mixture  tilt 
the  gold  is  reduced  to  extremely  minnte  particles.  When  this  is 
done,  a  little  warm  water  will  wash  ont  the  honey  or  gum,  leaving 
the  gold  behind  in  a  pulvemlent  state. 

2nd.— Dissolve  pnre  gold  (or  the  leaf),  in  nitro-mnriatic  add, 
and  then  to  precipitate  it  by  a  piece  of  copper,  or  by  a  solntion  of 
sulphate  of  iron.  The  precipitate  (if  by  copper,)  must  be  digested 
In  distilled  vin^ffar,  and  then  washed,  (by  pouring  water  over  it  re- 
peatedly,) and  dried.  This  precipitate  will  be  in  the  form  of  a  very 
fine  powder :  it  works  better,  and  is  more  easily  burnished  than  gold 
leaf  ground  with  honey  as  above. 

And  3d,  or  the  best  method  of  preparing  gold  powder,  is  by  heating 
a  prepared  amalgam  of  gold,  in  an  open  dean  crucible,  and  conti- 
nuing the  strong  heat  until  the  whole  of  the  mercury  is  evaporated ; 
at  the  same  time  constantly  stirring  the  amalgam  with  a  glass  rod. 
When  the  mercury  has  completely  left  the  gold,  the  remaining  pow- 
der is  to  be  ground  in  a  Wedgewood's  mortar,  with  a  little  water,  and 
afterwards  dried.    It  is  then  fit  for  use. 

Although  the  last  mode  of  operating  has  been  here  given,  the  ope- 
rator cannot  be  too  much  reminded  of  the  danger  attending  the  sub- 
limation of  mercury.  In  the  small  way  here  described,  it  is  impos- 
sible to  operate  without  danger ;  it  is  therefore  better  to  prepare  it 
according  to  the  former  directions,  than  to  risk  the  health  by  the 
latter. 

To  cmter  Bars  of  Copper,  8(c:  with  Gold,  so  as  to  he  rolled  out  into 
Sheets, — ^This  method  of  gildUng  was  invented  by  Mr.  Tomer,  of 
Birmingham.  Mr.  Tarner  first  prepares  ingots  or  pieces  of  copper 
or  brass,  in  convenient  lengths  and  sizes.  He  then  deans  them 
from  impurity,  and  makes  their  surfaces  level,  and  prepares  plates  of 
pure  gold,  or  gold  mixed  with  a  portion  of  alloy,  of  the  same  size  as 
the  ingots  of  metal,  and  of  suitable  thickness.  Having  placed  a 
piece  of  gold  upon  an  ingot  intended  to  be  plated,  he  hammers  and 
compresses  them  both  together,  so  that  they  may  have  their  surfaces 
as  nearly  equal  to  each  other  as  possible ;  and  then  binds  them  to- 
gether with  wire,  in  order  to  keep  them  in  the  same  position  duriog 
the  process  required  to  attach  them.  Afterwards  he  takes  silver 
filings,  which  he  mixes  with  borax,  to  assist  the  fusion  of  the  silver. 
This  mixture  he  lays  upon  the  edge  of  the  plate  of  gold,  and  next  to 
the  ingot  of  nietal.  Having  thus  prepared  the  two  bodies,  he  places 
them  on  a  fire  m  a  stove  or  fumace^  where  they  remain  until  the  silyer 


and  hoTflK  placed  fJosg  tlie  edges  of  the  metals  melt,  and  until  the 
adhesion  of  the  gold  with  the  metal  is  perfect.  He  then  takes  the 
inil^t'carefiilly  out  of  the  stove.  By  this  process  the  ingot  is  plated 
with  gold>  and  prepared  ready  for  rolling  into  sheets. 

To  Gild  in  Coloitrs,— The  principal  colours  of  gold  for  gilding  are 
red,  green,  and  yellow.  These  shoald  be  kept  in  different  amai« 
gams.  The  part  which  is  to  remain  of  the  first  colour,  is  to  be  stop* 
ped  off  with  a  composition  of  chalk  and  glue ;  the  variety  required 
is  produced  by  gilding  the  unstopped  parts  with  the  proper  amalgam, 
aocording  to  the  usual  mode  of  gifdiDg. 

Sometimes  the  amalgam  is  ap|>lied  to  the  surface  to  be  ^It,  with- 
out  any  qnicking,  by  spreading  it  with  aqua-fortis ;  but  this  depends 
on  the  same  principle  as  a  previous  quicking. 

Grecian  Gilding, — ^Equal  parts  of  sal-ammoniac  and  corrosive  sub- 
limate, are  dissolved  in  spirit  of  nitre,  and  a  solution  of  gold  made 
vrith  this  menstruum.  The  silver  is  brushed  over  with  it,  which  is 
turned  black,  but  on  exposure  to  a  red  heat  it  assumes  the  colour  of 
gold. 

To  dissolvi  Gold  in  Aqzui'Regia.-^Take  an  a^ua-regia,  comfMsed 
of  two  parts  of  nitrous  acid,  and  one  of  marine  acid  -,  or  of  one 
part  of  sal-ammoniac^  and  four  parts  of  aqua-fortis  j  let  the  gold  be 
granulated,  put  into  a  sufficient  quantity  of  this  menstruum,  and  ex- 
posed to  a  moderate  degree  of  heat.  During  the  solution,  an  effer- 
vescence takes  place,  and  it  acquires  a  beautiful  yellow  colour,  which 
becomes  more  and  more  intense,  till  it  has  a  golden  or  even  orange 
colour.  When  the  menstruum  is  saturated,  it  is  very  clear  and  trans- 
parent. 

To  gild  Iron  or  Steel  with  a  solution  of  GoZti.— Make  a  solution  of 
8  ounces  of  nitre  and  common  salt,  with  5  ounces  of  crude  alum  in  a 
sufficient  quantity  of  water  -,  dissolve  half  an  ounce  of  gold  thinly 
plated  and  cut  %  uid  afterwards  evaporate  to  dryness.  Digest  the 
cesiduum  in  rectified  spirit  of  wine  or  sether,  which  will  perfectly  ab- 
stractthe  gold.  The  iron  is  brushed  over  with  this  solution  and  be- 
ccMnes  immediately  gilt. 

To  Gild,  by  dissolving  Gold  in  Jqua^Regia. — Fine  linen  rags  are 
Boaked  in  a  saturated  solution  of  gold  in  aqua-r^a,  gently  dried, 
and  afterwards  burnt  to  tinder.  The  substance  to  be  gilt  must  be  well 
polished  )  a  piece  of  cork  is  first  dipped  into  a  solution  of  common 
salt  in  water,  and  afterwards  into  the  tinder,  which  is  well  rubbed  on 
the  surface  of  the  metal  to  be  gilt,  aud  the  gold  appears  in  all  its 
metallic  lustre. 

Amalgam  of  Gold  in  the  large  way. — A  quantity  of  quicksilver  is 
put  into  a  crucible  or  iron  ladle,  which  is  lined  with  clay,  and  ex- 
posed to  heat  till  it  begins  to  smoke.  The  gold  to  be  mixed  should 
l»e  previously  granulated,  and  heated  red  hot,  when  it  should  be 
added  to  the  quicksilver,  and  stirred  about  wiUi  an  iron  rod  till  it  is 
perfectly  dissolved.  If  there  should  be  any  snperflous  mercury,  it 
may  be  separated  by  passing  it  through  clean  son  leather  %  and  the 
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remAiniog  maulf^m  will  have  the  coosbtence  of  boiler,  and  eontain 
abo«t  3  parts  of  mercory  to  1  of  gM, 

T(9  GUd  by  AmaigamaHan, — ^1^  metal  to  be  gilt  is  previoosly 
wen  cleaned  oo  its  surface,  by  boifiog  ia  a  weak  pickle,  whidi  ii  a 
Tery  dilote  nitrons  acid.  A  quantity  of  aqna-fortis  is  ponred  mto  an 
earthen  ressel,  and  qnicksilver  put  therein  ;  when  a  snflBdent  qnan- 
tity  of  mercery  is  dissolved,  this  articles  to  be  gilt  are  pnt  into  the 
sonition,  and  stirred  about  with  a  brush  till  they  become  white.  This 
is  called  qnickinff.  Bnt«  as  during  quickiog  by  this  mode,  a  noxioas 
vaponr  oontinuaBy  arises,  which  proves  very  injurious  to  the  health 
of  the  workmen,  they  have  adopted  another  method,  by  which  they, 
in  a  great  measure,  avoid  that  danger.  They  now  dissolve  the  quick- 
silver in  a  bottle  containing  aqua-fortis,  and  leave  it  in  the  opoi  air 
during  the  solution,  so  that  Uie  noxious  vapour  escapes  into  the  air. 
Then  a  little  of  this  solution  is  poured  into  a  bason,  and  with  a  brush 
dipped  therdn,  they  stroke  over  the  surface  of  the  metal  to  be  gilt, 
which  immediately  becomes  quicked.  The  amalgam  is  now  applied  by 
one  of  the  following  methods  :— 

Ist.  By  proportioning  it  to  the  quantity  of  articles  to  be  gOt,  and 
putting  them  into  a  white  hat  tiwether,  working  them  about  with  a 
soft  brush,  till  the  amalgam  is  uniformly  spread. 

Or,  2dly.  By  applying  a  portion  of  the  amalgam  upon  one  jiart, 
and  spreading  it  on  the  sur&ce,  if  flat,  by  worlung  it  about  with  a 
harder  brush. 

The  work  thus  managed  is  put  into  a  pan,  and  exposed  to  a  gentle 
dqpree  of  heat  -,  when  it  becomes  hot,  it  is  frequently  put  into  a  hat, 
and  worked  about  with  a  painter's  large  brush,  to  prevent  an  irr^olar 
dissipation  of  the  mercury,  till,  at  last,  the  qmcksilver  is  entirely 
dissipated  bv  a  repetition  of  the  heat,  and  the  gold  is  attached  to  the 
surface  of  tne  metal.  This  gilt  surface  is  well  cleaned  by  a  wire 
brush,  and  then  artists  heighten  the  colour  of  the  gold  by  the  ap- 
plication of  various  compositions ;  this  part  of  the  process  is  called 

COLOVmiNO. 

To  gild  Olass  and  Porcelain.  No.  1. — Drinking,  and  other  glasses 
are  sometimes  gilt  on  their  edges.  This  is  done,  either  hj  an  adhe- 
sive varnish  or  by  heat.  Tlie  varnish  is  prepared  by  dissolving  in 
boiled  linseed  oil  an  equal  weight  either  of  copal  or  amber.  This  is 
to  be  diluted  by  a  proper  quantity  of  oil  of  turpentine,  so  as  to  be  ap- 
plied as  thin  as  possible  to  the  parts  of  the  glass  intended  to  be  gilt, 
when  this  is  done»  which  will  be  in  about  twenty-four  hours,  the 
glass  is  to  be  placed  in  a  stove,  till  it  is  so  warm  as  almost  to  bum 
the  Angers  when  handled.  At  this  temperature,  the  varnish  will 
become  adhesive,  and  a  piece  of  leaf  gold,  applied  in  the  usual  way, 
will  immediately  stick.  Sweep  off  the  superfious  portions  of  the  leaf, 
and  when  quite  cold,  it  may  be  burnished,  taking  care  to  interpose 
a  piece  of  very  thin  paper  '(liMlia  paper)  between  the  gold  and  the 
burnisher.  If  the  varnish  is  very  good,  this  is  the  best  method  of 
gilding  glass,  as  the  gold  is  thus  fixed  on  more  evenly  than  in  any 
other  way. 
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.  >  No.  2.— It  often  happens,  when  the  varnish  is  bat  bdiffBrent,  thai 
by  repeated  washing  the  gold  wears  off  j  on  this  acoonnt  the  prac- 
tice of  burning  it  in  is  sometimes  had  recourse  to. 

For  this  purpose,  some  gold  powder  is  ground  with  borax,  and  iii 
this  state  applied  to  the  dean  surface  of  the  {^ass,  by  a  camel's  hair 
pencil  i  when  quite  dry,  the  glass  is  put  into  a  stove  heated  to  about 
the  temperature  of  an  annealing  oven  ;  the  gum  boms  off,  and  the 
borax,  by  vitrifying,  cements  the  gold  with  great  firmness  to  the 
glass ;  after  which  it  may  be  burnished.  The  gilding  upon  porcelaia 
is  in  like  manner  fixed  by  heat  and  the  use  of  borax  ;  and  this  kind 
of  ware  being  neither  transparent  nor  liable  to  soften,  and  thus  to  be 
iniured  in  its  form  in  a  low  red  heat,  is  free  from  the  risk  and  bjury 
which  the  finer  and  more  fusible  kinds  of  glass  are  apt  to  sustain 
from  such  treatment.  Porcelain  and  other  wares  may  be  platinised^ 
silvered,  tinned,  and  bronzed,  in  a  similar  manner. 

To  Gild  Leather. — In  brder  to  impress  gilt  figures,  letters,  and 
other  marks  upon  leather,  as  on  the  covers  of  books,  edgings  for 
doors,  &c.  the  leather  must  first  be  dusted  over  with  very  finely 
powdered  yellow  resin,  or  mastich  gum.  The  iron  tools  or  stamps 
are  now  arranged  on  a  rack  before  a  clear  fire,  so  as  to  be  well  heated^ 
without  becoming  red  hot.  If  the  tools  are  letters,  they  have  an  al« 
phabetical  arrangement  on  the  rack.  Each  letter  or  stamp  must  be 
tried  as  to  its  heat,  by  imprinting  its  mark  on  the  raw  side  of  a 
piece  of  waste  leather.  A  little  practice  will  enable  the  workman  to 
judge  of  the  heat.  The  tool  is  now  to  be  pressed  downwards  on  the 
gold  leaf ;  which  will  of  course  be  indented,  and  shew  the  figure  im,- 
printed  on  it.  The  next  letter  or  stamp  is  now  to  be  taken  and 
stamped  in  like  manner  and  so  on  with  the  others  i  takinjop  care  to 
keep  the  letters  in  an  even  line  with  each  other,  like  those  in  a  book. 
By  this  operation  the  resin  is  melted ;  consequently  the  gold  ad- 
heres to  the  leather  :  the  superfluous  gold  may  then  be  rub^d  off  by 
a  cloth }  the  gilded  impressions  remaining  on  the  leather.  In  this,  as 
in  every  other  operation,  adroitness  is  acquired  by  practice. 

The  doth  alluded  to  should  be  slightly  greasy,  to  retain  the  gold 
wiped  off  j  (otherwise  there  will  be  a  great  waste  in  a  few  months,) 
the  doth  wiU  thus  be  soon  completely  saturated  or  loaded  with  the  gold. 
\Vhen  this  is  the  case,  these  cloths  are  generally  sold  to  the  refiners,  , 
who  burn  them  and  recover  the  gold.Some  of  these  afford  so  much  gold 
by  burnings  as  to  be  worth  from  a  guinea  to  a  guinea  and  a  half. 

To  Gila  Writines,  Drawings,  Ssc  on  Paper  or  Parchment, '^Let- 
ten  written  on  velTum  pr  paper  are  gilded  in  three  ways  :  in  the  first, 
a  little  size  is  mixed  with  the  ink,  and  the  letters  are  written  as 
usual ;  when  they  are  dry,  a  slight  degree  of  stickiness  is  produced 
by  breathing  on  Uiem,  upon  which  the  gold  leaf  is  immediately  ap« 
plied,  and  by  a  little  pressure  may  be  made  to  adhere  with  sufficient 
firmness.  In  the  second  method,  some  white  lead  or  chalk  is  ground 
up  with  strong  size,  and  the  letters  are  made  with  this  by  means  of 
a  brush  :  when  the  mixture  is  almost  dry,  the  gold  leaf  may  be  laid 
on,  and  aftem'ards  burnished.    The  last  meth^  is  to  mix  up  some 
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gold  powder  with  iise,  and  to  form  tiie  fetters  of  tliiebymennofa 
hnisli.  It  it  soppowd  that  this  latter  method  was  that  used  by  the 
moiikfl  ia  iDammating  their  misaah,  psalters,  and  rubrics. 

ToG^MeedJg^Cf  of  P<ip«r.— Theed^of  theleaTesof  books  and 
letter  paper  are  giJded  whibt  io  a  honzoatal  positioii  iu  the  book- 
bbder's  press,  1^  first  applyiag  a  oomposition  formed  of  foar  parts 
of  Armeaian  bole,  and  one  of  csDdied  sogar,  groond  tc^ether  with 
water  to  a  proper  coosisteaoe,  and  laid  on  bj  a  brash  with  the  white 
of  an  ^gg.  This  coating,  when  nearly  dry,  is  smoothed  by  the  bar- 
anher ;  whidi  is  generuly  a  crooked  piece  of  i^te,  very  smooth, 
and  fixed  in  a  handle.  It  is  then  slightly  moistened  by  a  sponge  dip- 
ped in  clean  water,  and  sqoeezed  in  the  hand.  The  gold  leaf  is  now 
taken  np  oo  a  piece  of  cotton,  from  the  leathern  cnshioo,  and  api^d 
oo  the  moistened  surface.  When  dry,  it  is  to  be  bnmished  by  rabbins 
the  agate  over  it  repeatedly  from  end  to  end^  taking  care  not  to  woond 
fbe  snrfiice  bv  the  poiat  of  the  bamisher.  A  piece  of  silk  or  India 
paper  b  asnaUr  interposed  between  the  sold  and  the  bamisher. 

Cotton  wool  is  generally  nsed  by  boOTbinders  to  take  the  leaf  up 
Uma  the  cnsbion ;  being  the  best  adapted  for  the  purpose  on  a&> 
eoant  of  its  pliability,  smoothness,  softness,  and  slight  moistness. 

Togild  Siik,  Smiin,  Ivory,  ^e.  By  Hydrogen  Gat.  No.  1.— Ibh 
nerse  a  piece  of  white  satm,  silk,  or  ivory  in  a  solution  of  nitro-m»- 
nate  of  gold,  in  the  proportion  of  one  part  of  the  nitro-muriate  to 
three  of  distilled  water.  Mliilst  the  substance  to  be  gflded  is  still 
wet,  immerse  it  in  a  iar  of  hydrogen  gas  :  it  will  soon  be  coreied 
oft  " 


by  a  complete  coat  of 

No.  2.<^The  foregoing  experiment  may  be  very  prettily  and  ad- 
Tsntageoasly  varied  as  follows  : — Funt  flowers  or  other  ornaments 
with  a  very  fine  camel  hair  pencil^  dipped  in  the  above-mentioned 
aoitttion  of  gold,  on  pieces  of  silk,  satin,  &c.  &c.  &c.  and  hold  them 
over  a  Florence  flask,  from  which  hydrogen  gas  is  evolved,  during  the 
decomposition  of  the  water  by  sulphuric  acid  and  iron  filings.  The 
painted  flowers,  fcc  in  a  few  minutes,  will  shine  with  all  the  splea- 
dow  of  the  purest  gold.  A  coating  of  this  kind  will  not  tarnish  on 
exposure  to  the  air,  or  in  washing. 

Oil  gliding  on  fFbod.-^The  wood  must  first  be  covered,  or  primed, 
by  two  or  three  ooatings  of  boiled  linseed  oil  and  carbonate  of  lead, 
in  order  to  fill  up  the  pores,  and  conceal  the  irregularities  of  the  sur- 
Ihoe,  occasioned  by  the  vebs  in  the  wood.  When  the  prisring  is 
quite  dnr,  a  thin  coat  of  gold-size  must  be  laid  on.  This  b  prepared 
1^  grincung  together  some  red  oxide  of  lead  with  the  thickest  drying 
oil  that  can  be  procured,  and  the  <^der  the  better,  that  it  may  work 
freely  :  it  is  to  be  mixed,  previously  Io  being  used,  with  a  iittie  oil  of 
Urpentiae,  till  it  is  brought  to  a  proper  consistence.  If  the  gold*- 
siae  b  good,  it  will  be  dufficientlv  dry  in  twelve  hours,  more  or  less, 
to  allow  the  artbt  to  proceed  to  the  last  part  of  the  process,  which  is 
the  application  of  the  gold.  For  thb  purpose,  a  leaf  of  gold  is  spread 
••a cnshioo  (formed  by  a  few  folds  of  flsnnel  secured  on  a  piece  of 
wood,  abovt  eight  Inches  square^  by  a  tight  covering  of  feather),  sad 
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i%  cut  into  stripe  of  a  proper  size  by  a  blnnt  pallet  knife ;  eadi  strip 
bein^  then  taken  npon  the  point  of  a  fine  bmsh,  is  applied  to  the 
part  intended  to  be  gilded,  and  is  then  gently  pressed  dovra  by  a  ball 
of  soft  cotton ;  the  gold  immediately  adheres  to  the  sticky  surfiiod 
of  the  size,  and  after  a  few  minntes,  the  dexterons  application  of  a 
large  camel's  hair  brush  sveeeps  away  the  loose  partioes  of  the  gold 
leaf  without  disturbing  the  rest.  In  a  day  or  two  the  size  will  be 
completely  dried,  and' the  operation  will  be  finished. 

The  advantages  of  Chk  method  of  gilding  are,  that  it  is  rery  simple, 
very  durable,  and  not  readily  injured  by  changes  of  treather^  even 
when  exposed  to  the  opeti  air  ;  and  when  soiled  it  may  be  cleaned  by 
a  little  warm  water  and  a  soft  brush  |  'its  chief  employment  is  in  out- 
door work.  Its  disadvantage  is,  that  it  cannot  be  burnished,  and 
therefore  wants  thehi^h  lustre  produced  by  the  following  method. 

7b  Gild  ly  humishtng.'-^TYM  operation  is  chiefly  performed  on 
picture  frames,  mouldings,  headings^  and  fine  stucco  work.  The 
surface  to  be  gilt  inust  be  carefully  covered  with  a  strong  size,  made 
by  boiling  down  pieces  of  white  leather,  or  dippings  of  parchment^ 
tnl  they  are  reduced  to  a  stiff  jelly ;  this  coating  being  dried,  eight 
or  ten  more  must  be  applied,  consisting  of  the  same  size,  mixed  with 
fine  Paris  plaster  or  washed  chalk  5  when  a  sufficient  number  of 
layers  have  been  put  on,  varyinff  according  to  the  nature  of  Uie  work^ 
and  the  whole  is  become  quite  dry,  a  moderately  thick  layer  must  be 
applied,  composed  of  size  and  Armenian  bole,  or  yellow  oxide  of  lead : 
while  this  last  is  yet  moist,  the  gold  leaf  is  to  be  put  on  in  the  usual 
manner  ;  it  will  immediately  adhere  on  being  pressed  by  the  cotton 
ball,  and  before  the  size  is  become  perfectly  dry,  those  parts  which 
are  intended  to  be  the  most  brilliant  are  to  be  carefully  burnished  by 
an  agate  or  dog's  tooth  fixed  in  a  handle. 

In  order  to  save  the  labour  of  burnishing,  it  is  a  common,  but  bad 
practice,  slightly  to  burnish  the  brilliant  parts,  and  to  deaden  the 
rest  by  drawing  a  brush  ovef  them  dipped  in  size  y  the  required  con- 
trast between  the  polished  and  the  unpolished  gold  is  indeed  thus 
obtained  ;  but  the  general  effect  is  much  inferior  to  that  produced  in 
the  regular  way,  ittid  the  smallest  drop  ^  of  water  falling  on  the  sized 
part  occasions  a  stain.  This  kind  of  glldhtg  can  only  be  appHed  on 
n-door  work  i  as  rain,  and  even  H  considerable  degree  of  dampness, 
win  occasion  the  gold  to  peel  off,  When  dirty,  it  may  be  cleaned  by 
a  soft  brush,  with  not  spirit  of  wine,  or  oil  of  tilrpentine* 

To  Gild  Copper^  ^r.  by  ^mo/^r^m.— Immerse  a  very  dean  bright  piece 
of  copper  in  a  diluted  solution  of  nitrate  of  mercury.  By  the  affinity 
of  copper  for  nitric  add,  the  mercury  will  be  precipitated :  now 
spread  the  amalgam  of  gold  rather  thinly  over  the  coat  of  mercury 
just  given  to  the  copper*  This  coat  unites  with  the  amalgam,  but  of 
course  will  remain  on  the  copper.  Now  place  the  piece  or  pieces  so 
operated  on,  in  a  dean  oven  or  furnace^  where  there  is  no  smoke.  If  ^ 
the  heat  is  a  little  greater  than  66^,  the  mercury  of  the  amalgam 
will  be  volatilised,  and  the  copper  will  be  beautifully  gilt. 
In  the  krge  way  of  gilding,  the  ftrmaoes  are  so  contrived  that  the 
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▼ohtiliiqd  jaerciiry  to  agaia  eoiidciiied>  mmI  prwenwd  Cor  farther  i^se^ 
so  that  there  U  no  loss  in  the  operation,  lliere  is  also  a  cootriTuice 
by  which  the  volatile  particles  of  mercury  are  prevented  from  iojoriug 
the  gilders. 

To  Gild  5/mI.— Poor  some  of  the  etfafreal  solution  of  gold  into  a 
wine  glass^  and  dip  therein  the  blade  of  a  new  pen-knife,  lancet,  or 
razor  3  withdraw  the  instnimeat,  and  allow  the  ether  to  evaporate. 
The  blade  will  be  fonnd  to  be  covered  by  a  very  beaotifol  coat  of 
geld*  A  dean  rag,  or  small  piece  of  very  dry  sponge,  may  be  dipped 
in  the  ether,  and  used  to  moisten  the  blade,  with  the  same  result. 

In  this  case  there  is  no  occasion  to  ponr  the  liquid  into  a  glass, 
which  most  nndoobtedly  lose  by  evaporation  ;  bnt  the  rag  or  sponge 
may  be  moistened  by  it,  by  applying  either  to  the  month  of  the  phiai. 
This  ooatinff  of  gold  vriU  remain  on  the  sted  for  a  great  length  of 
time,  and  wiU  preserve  it  from  msting. 

This  is  the  way  in  which  swords  and  other  cutlery  are  ornameated. 
Lancets  too  are  in  this  way  gilded  with  great  advantage,  to  secure 
them  from  rusL 

7>  heighten  the  colour  of  Yellow  Gold. 
6  oz.  saltpetre, 
2  oz.  copperas, 
1  oz.  white  vitriol,  and 
1  oz.  alnm. 
If  it  be  wanted  redder,  a  small  portion  of  blue  vitriol  must  be 
added.    These  are  to  be  well-mued,  and  dissolved  in  water  as  the 
colour  is  wanted. 

To  heighten  tne  colour  qf  Green  Gold, 
1  oz.  10  dwts.  saltpetre, 
1  oz.  4  dwts  sal  ammoniac, 
1  ^.  4  dwts.  Roman  vitriol,  and 
18  dwts.  verdigris. 
Mix  them  well  together,  and  dissolve  a  portion  in  water,  as  occa- 
sion requires. 

The  work  must  be  dipped  in  these  compositions,  appUed  to  a  proper 
heat  to  burn  them  off,  and  then  quenched  in  water  or  vinegar. 
To  heighten  the  colour  tf  Red  Gold. 

To  4  oz.  mdted  yellow  wax,  add 
1^  oz.  fed  edire  ^  fine  powder, 
1^  oz.  verdigris  calcined  till  it  yield  no  fumes,  and 
I  oz.  calcined  borax. 
.  It  is  necessary  to  cahdne  the  verdigris,  or  dse,  by  the  heat  applied 
in  burning  the  wax,  the  vinqj^  becomes  so  concentrated  as  to  cor- 
rode the  surfaces,  and  make  it  rapear  speckled. 

To  separate  Gold  from  Gilt-Copfer  and  5iioer.— Apply  a  solution 
of  borax,  in  water,  to  the  gilt  surface,  with  a  fine  brush,  and  sprinkle 
over  it  some  fine  powdered  sulphur.  Make  the  piece  red  hot,  and 
quendi  it  in  water.  The  gold  may  be  easily  wiped  off  with  a  scratch- 
b^ush,  and  recovered  by  testing  it  with  kmt. 
.Gold  is*  taken  from  the  surface  of  silver  by  spreading  over  it  a 
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paste,  made  of  powdered  sal  ammoniac,  with  aqoa  fortii,  and  fieatin^ 
it  tin  the  Blatter  emokea>  and  is  nearly  drv  >  when  the  gold  may  be 
separated  by  robbing  it  with  a  scratcb^brush. 

To  Silver  by  HeaL  No.  1.— Dissolve  an  oonce  of  pure  silver  in 
aqna  fortis,  and  precipicate  it  with  common  salt ;  to  wnich  add  (lb. 
or  sal  ammoniac,  sanaiver,  and  white  Vitriol,  and  ^  oz.  of  Bnblimate. 

No.  2^DiSBolve  an  onnoe  of  pore  silver  in  aqua  fortis ;  preci- 
pitate it  with  common  salt,  and  add,  after  washiof^,  6ooace8  of  coro<*> 
mon  salt,  3  onnOes  each  oi  sandiver  and  white  vitriol,  and  -l.  onnce 
of  sublimate. 

lliese  are  to  be  ground  into  a  paste  upon  a  fine  stone  with  a  mul- 
kr ;  the  substance  to  be  silvered  must  be  rubbed  over  with  a  8uffi«^ 
cient  quantity  of  the  paste,  and  exposed  to  a  proper  degree  of  heat. 
Where  the  silver  rons,  it  is  taken  from  the  fire,  and  dip[^  into  weak 
spirit  of  salt  to  dean  it. 

SUvering  on  Gili  Work,  ty  ^ma^anm/ton— Silver  will  not  attach 
itself  to  any  metal  b^  amaJ^amation,  unless  it  be  first  gilt.    The  pro« 
eess  is  the  same  as  giUinff  m  colours,  only  no  acid  should  be  used. 
.    To  Silver  in  the  Cold  Way. 
No.  I.— 2 dr.  tartar, 

2  dr.  common  salt» 
•L  dr.  of  alum,  and 

20  grs.  of  silver,  precipitated  from  the  nitrous 
acid  by  copper. 

Make  them  into  a  paste  with  a  little  water.  This  is  to  be  rub- 
bed on  the  surface  to  he  silvered  with  a  cork,  &c. 

No.  2. — ^Dissolve  pure  silver  in  aqua  fortis,  and  precipitate  the 
silver  with  common  salt ;  make  this  precipitate  into  a  paste,  by 
adding  a  little  more  salt  and  cream  of  tartar.  It  is  applied  as  in  the 
former  method. 

To  Silver  Copper  /ngolf.-^Tbe  prindpftl  difficulties  in  plating  cop- 
per ingots  are,  to  bring  the  snrfaces  of  the  copper  and  silver  into 
fusion  at  the  same  time,  and  to  prevent  the  copper  from  soding ;  for 
which  purposes  fluxes  are  used.  The  surface  of  the  copper  on  which 
the  silver  is  to  be  fixed  most  be  made  flat  by  filing,  and  should  be  left 
rough.  The  silver  is  first  annealed,  and  afterwards  pickled  in  weak 
Sfnrit  of  salt  $  it  is  planished,  and  then  scraped  on  the  surface  to  be 
fitted  on  ^e  copper.  These  prepared  surfaces  are  annointed  with 
a  solution  of  borax,  or  strewed  with  fine  powdered  borax  itself,  and 
then  confined  in  contact  with  each  other,  by  binding  wire.  When 
they  are  exposed  to  a  suffident  degree  of  heat,  the  flux  causes  the 
surfaces  to  fuse  at  the  same  time,  and  after  they  become  cold,  they 
are  found  firmly  united. 

Copper  may  likewise  be  plated  by  heating  it,  and  burnishing  leaf- 
silver  open  it  $  so  may  iron  and  brass.  This  process  is  cdled  FasNCH 
Platimg. 

To  teparaie  ike  Silver  from  Plaied  Copper.^^Thn  process  is  ap* 
plied  to  recover  the  silver  from  the  plated  metal,  which  has  been 
Q»lled  down  tor  bottons,  toys,  Ac«  without  ^eatroyiog  any  large  pop* 
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lion ef  Aeosfiper.  For Hwi parpofle*  a  Bttntoiui i» oamposed  of 
3  poosds  of  oil  ol  vitripl,  1-|-  ounce  of  nitre,  and  a  poond  of  water. 
The  plated  metal  is  boiled  in  it>  till  the  silver  is  dissolved,  and  tlien 
the  sdver  is  recoverad  by  tbrowinff  common  salt  into  the  solntton. 

To  Plate  /roil.— Iron  wuj  b«  plated  by  three  different  modes. 

1st.  By  polishing  the  svrneefWy  dean  and  level  with  a  bomisber; 
and  afterwards  by  ezposin§  it  to  a  bloeing  heat,  a  leaf  of  silver  is 
properiy  placed  and  carefdUy  burnished  doira.  This  is  repeated  till 
a  sufficient  nomber  ef  leaves  is  af^ilied,  to  give  the  silver  a  proper 
body. 

2d.  By  the  ase  of  a  solder  I  dips  of  thin  solder  ai«  placed  between 
the  iron  and  riher,  with  a  little  flux*  and  secured  tof^tther  by  bind- 
ing-wire. It  is  then  placed  in  a  dear  fire,  and  continued  in  it  till  the 
solder  mdts ;  when  it  is  taken  out,  and  on  cpoliqg  is  found  to  ad- 
here 6rmly. 

And  3d.  By  tinning  the  iron  first,  and  unitiiy  the  silver  by  the  in- 
termedia of  slips  of  rolled  tin,  brought  into  fusion  in  a  gentle  heat. 

To  tin  Copper  and  Brois, — ^Boil  six  pounds  of  cream  of  tartar,  four 
gallons  of  water,  and  eight  pounds  of  grain  tin,  or  tin  shavings. 
After  the  materials  have  boiled  a  suffideut  time,  the  substance  to  be 
tinned  is  put  therdn,  and  the  boili^  oontinued,  when  the  tm  is  pre* 
dpitated  in  its  metallic  form. 

To  tin  Iron  and  Copper  Feesels^'^Ufin  whick  is  to  be  tinned,  must 
be  previously  steeped  in  add  maleriala,  such  as  sour  whey,  ^distillers' 
wash,  &c. ;  then  scoured  and  dipped  in  mdted  tiiij  hnving  been  first 
rubbedover  with  a  sohtioa  ef  sal  amoMuiae^  The  surfaoeof  the  tin. 
is  prevented  from  caldmng*  by  covering  ii  with  a  coatof  fiit.  Cop- 
per vessels  must  be  well  cleansed ;  and  then  a  suffideut  4|aantity  of 
tin  with  sal  ammoniac  is  put  iheittin,  and  brought  into  lusien,  and  the 
copper  vessd  moved  ab<mt.  A  little  resin  is  sometimes  added.  The 
sal  ammoniac  prevents  the  colter  from  scaling,  and  causes  the  tin  to 
be  fixed  wherever  it  toochea.  Latdy,  zinc  has  been  proposed  lor 
lining  vessels  instead  of  tin,  to  avoid  the  ill  consequences  wmdi  have 
been  unjusUy  apprehended. 

To  prepare  the  Silver  7Vee«— Pour  into  a  glass  globe  or  decanter, 
4  drachms  of  nitrate  of  silver,  dissolved  in  a  pound  or  more  of  dis- 
tilled water,  and  lay  the  veesel  on  the  chimney  piece,  or  in  some 
place  where  it  may  not  be  ^sturbed.  Now  pour  in  4  drachms  of 
mercury.  In  a  shwt  tisM  the  silver  will  be  precipitated  in  the  most 
beantiful  arborescent  form,  resembling  real  vqgetation.  This  has  been 
generally  tenned  the  Arbor  Dianas.  ' 

To  prepare  ike  Tin  TVe^ •— Into  the  sftme  or  a  similar  vessd  to  tiiat 
used  in  the  last  experiment,  pour  distilled  water  as  before,  and  pot  in 
3  drichms  of  muriate  of  tin,  adding  10  drops  of  nitric  add,  and  shake 
the  vessd  until  the  salt  be  con^etdy  dissolved.  Kejfiaco  the  sine 
(which  must  be  deared  from  the  effects  of  the  former  experiment,)  as 
before,  and  ^et  the  whole  askl^  to  predpitato  WitiM«t  disturbance. 
In  a  few  hours,  tho  effoct  wiU  be  dtnilar  t9  die  lasl,  only  that  the  tree 
/Of  fern  mil  hiMreflioroj9«tr«b    b  tt«»  fjcpCMMmls^ il is  auprisbg 
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to  obeerf e  the  laminiB  shoot  out  as  it  were  from  nothing  \  but  this 
phenomenon  seems  to  proceed  from  a  galvanic  action  of  the  metals 
and  the  water. 

To  prepare  the  Lead  Tree, — ^Put  ^  an  ounce  of  the  super-acetate  of 
lead  in  powder,  into  a  clear  glass  globe  or  wine  decanter,  filled  to  the 
bottom  of  the  neck  with  distilled  water,  and  10  drops  of  nitric  acid, 
and  shake  the  mixture  well.  Prepare  a  rod  of  zinc  with  a  hammer 
and  file,  so  that  it  may  be  a  quarter  of  an  inch  thick  and  1  inch  long  -,  at 
the  same  time  form  notches  in  each  side  for  a  thread,  by  which  it  is  to 
be  suspended,and  tie  the  thread  so  that  the  knot  shall  be  uppermost^ 
when  the  metal  hangs  quite  perpendicular.  When  it  is  tied,  pass  the 
two  ends  of  the  thread  through  a  perfor^ion  in  the  cork,  and  let  them 
be  again  tied  over  a  small  splinter  of  wood  which  ma?  pass  between 
them  and  the  cork.  When  the  string  is  tried,  let  the  length  between 
the  cork  and  the  zinc  be  such  that  the  precipitant  (the  zinc)  may  be 
at  equal  distances  from  the  side,  bottom,  and  top,  of  the  vessel,  when 
immersed  in  it.  When  all  things  are  thus  prepared,  place  the  vessel 
in  a  place  where  it  may  not  be  disturbed,  and  introduce  the  zinc,  at 
the  same  time  fitting  in  the  cork.  The  metal  will  very  soon  be  co- 
vered with  the  lead,  which  it  precipitates  from  the  solution^  and  this 
will  continue  to  take  place  until  the  whole  be  precipitated  upon  the 
zinc,  which  will  assume  the  form  of  a  tree  or  bush,  whose  leaves  and 
branches  are  laminal,  or  plates  of  a  metallic  lustre. 

Metallic  Waterings  or  for  Blanc  Afoir^.— -This  article  of  Parisian 
invention,  which  is  much  employed  to  cover  ornamental  cabinet  work, 
dressing-boxes,  telescopes,  opera  glasses,  &c.  &c.  is  prepared  in  the 
following  manner. 

Sulphuric  add  is  to  be  dilated  with  from  seven  to  nine  parts  of  watery 
then  dip  a  sponge  or  rag  into  it,  and  wash  with  it  the  surface  of  a 
sheet  of  tin.  This  will  speedily  exhibit  an  appearance  of  crystal* 
lization,  which  is  the  moir6. 

This  effect,  however,  cannot  be  easily  produced  upon  every  sort  of 
sheet  tin,  for  if  the  sheet  has  been  much  hardened  by  hammering  or 
rolling,  then  the  moir^  cannot  be  efiected  until  the  sheet  has  been 
heated  to  as  to  produce  an  incipient  fusion  on  the  surface,  after  which 
the  add  will  act  upon  it,  and  produce  the  moir6.  Almost  any  acid 
will  do  as  well  as  the  sulphuric,  and  it  is  said,  that  the  citric  acid, 
dissolved  in  a  snffident  quantity  of  water,  answers  better  than  any 
other. 

Hie  moir£  may  be  much  improved  by  employing  the  blow-pipe,  to 
form  small  and  beautiful  specks  on  the  surface  of  the  tin,  previous  to 
the  application  of  the  acid. 

When  the  moir6  has  been  formed,  the  plate  is  to  be  varnished  and 
polished,  the  varnish  being  tinted  with  any  glazing  colour,  and  thus 
the  red,  green,  yellow,  and  pearl  coloured  moires  are  manufactured. 

Chinese  Sheet  Lea^^— The  operation  is  carried  on  by  two  men ; 
one  is  seated  on  the  floor  with  a  lai^  flat  stone  before  him,  and  with 
a  moveable  flat  stone*stand  at  his  side.  His  fellow  workman  stands 
beside  him  with  a  cmdble  filled  with  melted  lead;  and  having  poured 
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m  certain  qiuuitity  vpon  the  stone,  the  other  lifts  the  moveable  stone, 
and  dashing  it  on  the  fluid  lead,  presses  it  out  into  a  flat  and  thin 
plate,  which  he  instantly  removes  from  the  stone.  A  second  quantity 
of  lead  is  poured  in  a  similar  manner,  and  a  similar  plate  formed,  the 
process  being  carried  on  with  singular  rapidity.  The  rongh  edges  of 
the  plates  are  then  cut  off,  and  they  are  soldered  together  for  use. 

Mr.  Waddell  has  applied  this  method,  vritb  great  success,  to  the 
formation  of  thin  plates  of  zinc,  for  galvanic  purposes. 

To  piaie  Looking'Glasies. — This  art  is  crrooeously  termed  silver- 
ing,  for,  as  will  be  presently  seen,  there  is  not  a  particle  of  silver 
present  in  the  whole  composition. 

On  tin-foil,  fitly  deposed  ou  a  flat  table,  mercury  is  to  be  poured, 
and  gentlv  rubbed  with  a  hare's  foot ;  it  soon  unites  itself  with  the 
tin,  which  tbea  becomes  very  splendid,  or,  as  the  workmen  say, 
is  quickened,  A  plate  of  glass  is  then  cautiously  to  be  slid  upon  the 
tin-leaf,  in  such  u  manner  as  to  sweep  off  the  redundant  mercury, 
which  is  not  incorporated  with  the  tin  ;  lead  weights  are  then  to  be 
placed  on  the  glass,  and,  in  'a  little  time,  the  quicksilvered  tin-foil 
adheres  so  firmly  to  the  glass,  that  the  weights  may  t>e  removed  with- 
out any  danger  of  its  falling  off.  llie  glass  thus  coated  is  a  common 
looking-glass.  About  two  ounces  of  mercury  are  sufficient  for  cover- 
ing three  square  feet  of  glass. 

The  success  of  this  operation  depends  much  on  the  cleanness  of 
the  glass  ;  and  the  least  dirt  or  dust  on  its  surface,  will  prevent  the 
adhesion  of  the  amalgam  or  alloy. 

Liquid  Foil  far  silvering  Glass  G/o5e«.«— No.  U 
1  oz  clean  lead, 
1  oz.  fine  tin, 
Toz.  bismuth,  and 
10  oz.  quicksilver. 
The  lead  and  tin  must  be  put  into  the  ladle  first,  and  so  soon  as 
melted  the  bismuth  must  be  added.      Skim  off  the  dross,  remove  the 
ladle  from  the  fire,  and  before  it  sets,  add  the  quicksilver :  stir  the 
whole  carefully  together,  taking  care  not  to  breathe  over  it,  as  the 
fumes  of  the  mercury  are  very  pernicious.     Pour  this  through  an 
earthen  pipe,  into  the  glass  globe,  which  turn  repeatedly  round. 

No.  2.-<— ^2  parts  mercury, 
1  part  tin, 
]  part  lead,  and 
1  part  bismuth. 

No.  3.-— ^4  oz.  quicksilver,  and 
tin-toil. 
The  quantity  of  tin-foil  to  be  added,  is  so  much  as  will  become 
tMrely  fluid  when  mixed.  Let  the  globe  be  dean  and  warm,  and  inject 
the  quicksilver  by  means  of  a  pipe  at  the  aperture,  turning  it  about 
till  it  is  silvered  all  over.  I^t  the  remain<kr  ran  out,  and  hang  the 
globe  np. 
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LACQUERING. 

Lacquer  fir  Brass.  6  oz*  teed  lac^ 

2  oz.  amber  or  copal,  grooiid  on  poipbyry, 
40  gr.  of  dragon's  bloody 
30  gr.  extract  of  red  sandal  wood>  obtained  by 

water, 
36  gr.  of  Oriental  saffron^  ^ 

.4  oz.  of  poonded  glass,  and 
40  02.  very  pure  alcohol. 
To  apply  I  his  varnish  to  articles  or  onmments  of  brass,  expose 
Iheni  to  a  geutte  heat,  and  dip  them  into  varni.8h.  Two  or  three 
coatiogs  may  be  applied  in  this  manner,  if  necessary.  The  varnish  is 
durable,  and  has  a  beantiful  colour.  Articles  varnished  in  this  man- 
ner, may  be  cleaned  with  water  and  a  bit  ol:'  dry  rag. 

Lacquer  for  PhUosophkaJ  Instruments, — ^This  lacquer  or  varnish  is 
destined  to  change^  or  to  modify  the  colour  of  those  bodies  to  which 
it  is  applied. 

%  oz.  of  gnm  gnttae, 

2  oz.  of  gum  sandaric, 

2  oz.  of  gnm  elemi, 

]  oz.  of  dragon's  blood,  of  tlie  best  quality, 

1  oz.  of  seed  lac, 

f  oz.  of  terra  merit  a, 

2  grains  of  Oriental  saffron, 

3  oz.  of  pounded  glass,  and 
20  oz.  of  pure  alcohol. 

The' tincture  of  saffron  and  of  terra  inerita,  is  first  obtained  by  infu- 
sing them  in  alcohol  for  twenty-four  hours,  or  exposing  them  to  the 
bent  of  the  snn  in  summer.  The  tincture  must  be  strained  through 
a  piece  of  clean  linen  cloth,  and  onsht  to  be  strongly  squeezed  This 
tincture  is  poured  over  the  dragon  s  blood,  the  gum  elemi,  the  seed 
lac,  and  the  gum  guttse,  all  pounded  and  mixed  with  the  glass.  The 
varnish  is  then  made  according  to  the  directions  l>efore  given. 

It  may  be  applied  with  great  advantage  to  philosophical  instm- 
ments  :  the  use  of  it  might  be  extended,  also,  to  various  cast  or 
moulded  articles  with  which  furniture  is  ornamented. 

If  the  dragon's  blood  be  of  the  first  quality,  it  may  give  too  high  a 
colour ;  in  this  case,  the  dose  may  be  lessened  at  pleasure,  as  welt  as 
that  of  the  other  colouring  matters. 

It  is  with  a  similar  kind  of  varnish  that  the  artists  of  Geneva  give 
a  golden  orange  colour  to  the  small  nails  employed  to  ornament  watch- 
cases  ;  but  they  keep  the  process  very  secret.  A  beautiful  bright 
cok>iir  might  be  easily  communicated  to  this  mixture  ;  hut  they  pre- 
fer the  orange  colour,  produced  by  certain  compositions,  the  prepara- 
:tion  of  which  has  no  relation,  to  that  of  vamith,  and  which  has  been 
succesafoUy  imitated  with  saline  mixtores,  in  which  orpimont  is  a 
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priiid|Mil  ingredient    The  nails  are  heated  before  they  are  : 
in  the  varnish,  and  they  are  then  spread  oat  on  sheets  of  dry  paper. 
Gold'colourtd  Lacquer,  far  brass  IFaick^cases,  Watch'ke^s,  4c.«- 
6  oz.  of  seed  lac> 
2  oz.  of  amber, 
2  OS.  of  gnm  gnttse, 

24  gr.  of  extract  of  red  sandal  weed  in  watar, 
60  gr.  of  dragon's  blood, 
36  gr.  of  Orientnl  saffron, 

4  oz.  of  pounded  glass,  and 
36  oz.  of  pore  aloohoL 
Grind  the  amber,  the  seed  lac,  gam  gntts,  and  dragon's  blood  on  a 
piece  of  porphyry  -,  then  mix  them  with  the  ponnded  glass,  and  add 
the  alcohol,  aft«r  forming  with  it  an  infusion  of  the  saffron  and  aa 
extract  of  the  sandal  wo<^.  The  varnish  mast  then  be  completed  as 
before*  The  metal  articles  destined  to  be  covered  by  this  varnish, 
are  heated,  and  those  which  will  admit  of  it,  are  immersed  in  packets. 
The  tint  of  the  varnish  may  be  varied,  by  modifying  the  doses  of  the 
colonring  sabstances. 

Lacquer  of  a  Us*  drying  quality. 
4  oz.  seed  lac, 

4  oz.  sandarac,  or  mastic, 
i  oz.  dragon's  blood, 

36  gr.  terra  merits, 
36  gr.  gam  gnttm, 

5  oz.  ponnded  glass, 

2  oz.  dear  tnrpentine, 
32  oz.  essence  of  turpentine, 

Eatract,  by  infusion,  the  tincture  of  the  Gokrariag  substances,  and 
then  add  the  resinous  bodies  according  to  the  directions  for  componnd 
mastic  varnish. 

Lacquer  or  .varnishes  of  this  kind  are  called  chan^^og,  because, 
when  applied  to  metals,  such  as  copper,  brass,  or  hammered  tin,  or 
to  wooden  boxes  and  other  furniture,  they  communicate  to  them  a 
more  agreeable  colour.  Besides,  by  their  contact  with  the  common 
metals,  they  acquire  a  lustre  which  approaches  that  of  the  precious 
netals,  and  to  which,  in  consequence  of  peculiar  intrinsic  qualities  or 
certain  laws  of  convention,  a  much- greater  value  is  attached.  It  is 
by  'Beans  of  these  changing  varnishes,  that  artists  are  able  to  oom- 
rounicate  to  their  leaves  of  silver  and  copper,  those  shining  colours 
observed  in  foils.  This  product  of  industry  becomes  a  source,  of 
prosperity  to  the  manufacturers  of  buttons  and  works  formed  with 
foil,  which,  in  the  hands  of  the  jeweller,  contributes  with  so  much 
success  to  produce  that  reflection  of  the  rays  of  light  which  dooblei 
the  lustre  and  sparkling  quality  of  precious  stones. 

It  is  to  varnish  of  this  kind  that  we  are  indebted  for  the  manufac- 
ture of  gilt  leather,  which,  taking  refuge  in  England,  has  given  place 
to  that  of  papier  mach^,  which  is  employed  for  the  decoration  of  pa- 
laces, theatres,  &€• 
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'^  In  tihe  last  ptaoe,  it  is  by  tlie  effect  of  a  foreign  tint  obtained 
from  the  colouring  part  of  saffiron,  that  the  scales  of  silver  dissenii- 
nated  in  amfeeiiond^  hyacinthe  reflect  a  beautiful  gold  colonr. 

The  colours  transmitted  by  different  colouring  substances,  require 
tones  suited  to  the  objects  for  which  they  are  destined.  The  artist 
has  it  in  his  own  power  to  vary  them  at  pleasure^  The  addition  of 
annatto  to  the  mixture  of  dragon's  blood,  ss^ron,  &c.  or  some  changes 
in  the  doses  of  the  mode  intended  t^  be  made  in  colours.  It  is, 
therefore*  impossible  to  give  liitited  formulae. 
To  make  Lacquer  of  various  Tints, 
Infuse  separately 

4  oz.gumgntt8Bin 
32.  oz.  of  essence  of  turpentine, 
1  oz.  annatto,  and 

4  oz.  dragon's  blood,  also  in  separate  doses  of  es« 
sence. 
These  intiisions  may  be  easily  made  in  the  .sun.     After  fifteen 
days'  exposure^  pour  a  certain  quantity  of  these  liquors  into  a  flask, 
and  by  varying  the  doses  different  shades  of  colour  will  be  obtained. 
These  infusions  may  be  employed  also  for  changing  alcoholic  var- 
nishes ;  but  in  this  ease,  the  use  of  saffron,   as  well  as  that  of  red 
sandal  wood,  which  does  not  succeed  with  essence,  will  soon  give  the 
tone  necessary  for  imieating,  with  other  tinctures,  the  colour  of  gold. 
To  Bronze  Plaster  Figures, — For  the  ground,  after  it  has  been 
sized  and  rubbed  down,  take  Prussian  blue,  yerditer,  and  spruce 
ochre.     Grind  them  separately  In  water,  turpentine,  or  oil,  according 
to  the  work,  and  mix  them  in  such  proportions  as  will  produce  the 
colour  desired.    Then  grind  Dutch  metal  in  a  part  of  this  composi- 
tion :  laying  it  with  judgment  on  the  promment  parts  of  the  figure, 
which  produces  a  grand  effect 

To  Brown  Gun  Barrels. --^AfieT  the  barrel  is  finished  rub  it  over 
with  aquafortis,  or  spirit  of  salt,  diluted  with  water.  Then  lay  it 
>y  for  a  week,  till  a  complete  coat  of  oil  is  formed.  A  little  oil  is 
ihen  to  be  applied,  and  after  rubbing  the  surface  dry,  polish  it  mih 
I  bard  bmsh  and  a  little  bees*  wax. 


VARNISHES. 

To  makeWhite  Copal  Varmslu^^^o,  1.— White  oxide  of  lead,  eemse, 
Spanish  white,  white  day.  Such  of  these  substances  as  are  preferred 
»iight  to  be  carefully  dried.  Ceruse  and  days  obstinatdy  retain  a 
jeat  deal  of  humidity,  which  would  oppose  their  adhesion  to  drying 
^il  or  varnish.  The  cement  then  crumbles  under  the  fingers,  and 
loes  not  assume  a  body. 

No.  2.-^0n  16  ounces  of  mdted  copal,  pour  4,  6,  or  8  onnees  of 
iBseed  oil,  boiled  and  quite  free  from  grease*  When  wdl  mixed  by 
epeated  stirringii,  and  after  they  are.  pretty  cool^  pour  in  16  ounces 
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ti  the  eneiioe  of  Venice  tiiq)eetiiie.  Pais  the  VarnUr  tbtongli  a 
doth.    Amber  Tsniiab  is  made  the  same  way* 

B^ib.— Lamp-black,  made  of  bonit  Tine  twiggy  and  black  of  peach- 
stones,  llie  lamp-black  most  be  carefally  washed^  and  aftenratds 
dried.    Washing  carries  off  a  great  maav  of  its  imparities. 

Yellow.^Ytliow  oxide  of  lead  of  Naples  and  Montpellier,  both  ve- 
dnced  to  impalpable  powder.  These  yellows  are  hart  by  the  contact 
of  iron  and  sted ;  in  roixiog  them  np.  therefore,  a  horn  spatoLa 
with  a  glass  mortar  and  pestle  mnst  be  employed. 

Gam  gnttse,  yellow  ochre,  or  Dutch  pink,  according  to  the  natare 
and  tone  of  the  colour  to  be  imitated. 

Bfue, — Indigo,  prossiate  of  iron,  (Pmssian  bine)  bhe  Terditer, 
and  ultra-marine.    All  these  substances  mnst  be  Tcry  much  divided. 

GrfeA.— Verdigris,  crystallised  Terdigris,  oorapoond  green,  (a  mix- 
ture of  yellow  and  blue.)  The  first  two  require  a  mixture  of  white 
in  proper  proportions,  firom  a  foorth  to  two-thirds,  according  to  the 
tint  intended  to  be  given.  The  white  nsed  for  this  piffpose  is  cemse, 
or  the  white  oxide  of  lead,  or  S^ish  whit^  which  is  less  solid,  or 
white  of  Moudon. 

Red. — Red  sulphurated  oxide  of  BMrcnry,  (dnnabar  Temilion.) 
Red  oxide  of  lead  (miniom,)  diffisrent  red  o^es,  or  Pmssian 
reds,  ke. 

/'a r)&^.— Godiineal,  carmine,  and  carminated  hkts,  with  oernse 
and  boiled  oil. 

Brick  i?ei.-— Dragons  Mood. 

Chamois  Colour, — Dragon's  blood  with  a  p^te  ^^raposed  of 
(lowers  of  ziuc,  or,  what  is  still  better,  a  little  red  Termilbn. 

f^o/e/.-*Red  sulphurated  oxide  of  mercury,  mixed  with  lamp-black, 
washed  very  dry,  or  with  the  black  of  burnt  vine-twigs  ;  and  to  rea- 
der it  mellower,  a  proper  mixture  of  red,  Uoe,  and  white. 

Pearl  Grey. — White  and  black ;  white  and  blue }  for  example, 
ceruse  and  lamp-black ;  ceruse  and  indigo. 

Flaxen  Grey, — Ceruse,  which  forms  the  greond  of  the  paste, 
mixed  with  a  small  quantity  of  Cologne  earth,  as  much  Eogliah  red, 
or  carmiDDted  lake,  which  is  not  so  durable,  and  a  partide  o£ 
prussiate  uf  iron,  (Prussian  blue.) 

To  make  ramiskes  for  FioUns,  lrtf.«-To  a  gallon  of  rectified  spi- 
rit of  wine,  add  six  ounces  of  gum  sandarec,  three  ounces  of  gum 
mastich^  and  half  a  pint  of  turpentine  vatnish.  Put  the  whole  mto 
a  tin  can,  which  keep  in  a  warm  place,  fiiequently  shaking  it,  for 
twelve  days,  until  it  is  dissolved.    Then  strain,  and  keep  it  for  use. 

To  dissolve  Elastic  Gum,  4rc.-*-M.  Grossart,  by  an  ingenk>n8  me- 
thod, succeeded  in  forming  India  rubber  into  elastic  tubes.  Cut  a 
bottle  of  the  gum  cireularly,  in  a  spiral  slip,  of  a  few  Ibes  in  breadth ; 
then  plunge  the  whole  of  the  slip  mto  vitriolic  ether,  till  it  becomes 
softened ;  half  an  hour  is  generally  sufficient  for  this  purpose.  TV 
slip  is  then  taken  out  of  the  Uqmd,  and  eneof  the  extremitiea  applied 
to  the  eiid  of  a  monld,  first  rdling  it  on  ltadf»  and  pressing  it,  tbea 
monnting  spiially .  along  the  cylinder*  tnUng  care  to  lay  oter  and 
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conpresB  with  the  hand  every  edge,  one  against  the  oiher^  iio  that 
there  may  not  be  any  vacant  space,  and  that  all  the  edge^  may  join 
exactly ;  the  whole  is  then  to  be  bound  hard  with  a  tape  of  an  inch 
in  width»  taking  care  to  turn  it  the  same  way  with  the  slip  of 
caootchonc.  Over  the  tape  packthread  is  to  be  applied,  in 
such  a  manner  that,  by  every  torn  of  the  thread  joining  another,  an 
equal  pressure  is  given  to  every  part.  It  is  then  left  to  dry,  and  the 
tube  is  made.  In  removing  the  bandage,  great  care  must  be  taken 
that  none  of  the  outward  surface,  whidi  may  have  lodged  within  the 
interstices  of  the  tape,  (of  which  the  caoutchouc  takes  the  exact  im- 
pression,) may  be  pnlled  asunder.  If  it  be  found  difficult  to  withdraw 
the  mould,  it  may  be  plunged  into  hot  water.  If  the  mould  were  pre- 
viously smoked  or  rubbed  with  chalk,  it  might  be  removed  with  less 
difficulty.  Polished  metallic  cylinders  are  the  most  eligible  moulds 
for  this  purpose.  As  solvents,  oils  of  turpentine  and  lavender  may 
be  employed,  but  both  are  much  slower  of  evaporating  than  ether,  and 
the  oil  of  turpentine,  particularly,  appears  always  to  have  a  kind  of 
stickiness.  Nevertheless,  there  is  a  solvent  which  has  not  that 
inconvenience,  is  cheaper,  and  may  easily  be  procured  by  every  one, 
viz.  tvaier.  Proceed  in  the  same  manner  as  with  ether.  The 
caoutchouc  is  sufficiently  prepared  for  use  when  it  has  been  a  quarter 
of  an  hour  in  boiling  water  :  by  this  time  its  edges  are  sometimes 
transparent.  It  is  to  be  turned  spirally  round  the  mould,  and  re* 
plunged  frequently  into  the  boiling  water,  during  the  time  employed 
ID  forming  the  tube.  When  the  whole  is  bound  with  pack-thread,  it 
is  to  be  kept  some  hours  in  boiling  water,  after  which  it  is  to  be  dried, 
stiU  keeping  on  the  binding.  This  method  may  be  successfully  em- 
ployed in  forming  the  larger  sort  of  tabes,  and  in  any  other  instru- 
■lents,  but  it  would  t>e  impracticable  te  make  the  small  tubes  in  this 
way. 

Oil  of  lavender,  of  turpentine,  and  of  spikenard,  dissolve  elastic 
gum,  with  the  assistance  of  a  gentle  heat ;  but  a  mixture  of  volatile 
oil  and  alcohol  forms  a  better  solvent  for  it  than  oil  alone,  and  the 
varnish  dries  sooner.  If  boiled  in  a  solution  of  alum  in  water,  it  is 
rendered  softer  than  in  water  alone.  Yellow  wax,  in  a  state  of  ebul* 
lition,  may  be  saturated  with  it,  by  putting  it,  cut  in  small  pieces, 
gradoally  into  it.  By  tiiis  means,  a  pliable  varnish  is  formed,  which 
may  be  applied  to  cloth  with  a  brush,  but  it  still  retains  a  clamminess. 
To  tncSke  Caoutchouc  Famish. 

16  oz.  of  caoutchouc,  or  elastic  resin, 

16  oz.  boiled  linseed  oil,  and 

16  oz.  of  essence  of  tuipentine. 
Cut  the  caoutchouc  into  thin  slips,  and  put  them  into  a  matrass 
placed  ia  a  verv  hot  sand-bath.  When  the  matter  is  liquefied,  add 
the  linseed  oil  in  a  state  of  ebullition,  and  then  the  essence  warm. 
When  the  varnish  has  lost  a  great  part  of  its  heat,  strain  it  through 
a  piece  of  Imen,  and  preserve  it  in  a  wide-mouthed  bottle.  This 
varnish  dries  very  slowly,  a  fault  which  is  owing  to  the  peculiar  na- 
ture of  the  caoutchouc 
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ThA  meiitiMi  of  air  btUoons  led  to  the  idea  of  mpplying 
AoQc  to  the  oompoeition  of  Tarnuh.  It  wu  neoestary  to  have  a 
Taraiah  which  should  uoite  great  pliability  and  ooneiateooe.  No  var- 
aish  seemed  capable  of  correspoDd'iag  to  these  view8>  exoept  that  of 
caootchooc,  but  the  desiccation  of  it  is  exceedingly  tediooa. 

To  mmke  rariush  fir  Siiks,  4rc.*-To  one  qoart  of  cold-drawn  lin- 
seed oily  poured  off  front  the  lees,  (prodaced  on  the  additiim  of  on- 
slacked  lime,*  on  which  the  oil  has  stood  eight  or  fen  days  at  the 
least*  in  order  to  oommnniGate  a  drying  qaality,-H>c  brown  vmber, 
burnt  and  powdered,  which  wiU  have  the  like  eflFect,)  and  half  an 
oance  of  litharge  i  boil  them  for  half  an  boor,  then  add  half  an  omioe 
of  the  copal  vamiah.  While  the  ingredients  are  on  the  fi«e»  in  a 
copper  vessel,  put  in  one  oonoe  of  chiea  tnrpentine!,  or.conunoa 
resin,  and  a  few  drops  of  neatsfoot  oil,  and  atir  the  whole  with  a 
knife ;  when  cool,  it  is  ready  for  use.  The  neatsfoet  oil  preTenU 
the  Tarnish  from  being  stidcy  or  adhesive,  and  may  be  pot  into  the 
linseed  oil  at  the  same  time  with  the  lime,  or  burnt  omber.  Resin 
or  Chios  turpentine  may  be  added^  till  the  varnish  has  attabed  the 
desired  thickaess. 

The  longer  the  raw  linseed  oil  remains  on  the  nnslacked  lime  or 
amber^  the  sooner  will  the  oil  dry  after  it  is  used  >  if  smne  months, 
so  much  the  better  :  such  varnish  will  set.  that  is  to  say,  not  ran,  but 
keep  its  place  on  the  silk  in  foar  hoarB  -,  the  silk  may  tiien  be  tomed, 
and  varnished  on  the  other  side. 

To  make  pUa&le  Varnish  for  l/m^el/at.— Take  any  quantity  of 
caoutchouc,  as  ten  or  twelve  ounces,  cat  into  small  bits  with  a  pair  of 
scissors*  and  pat  a  strong  iron  ladle»  (such  as  that  in  which  painters* 
plumbers,  or  glaaiers  melt  their  lead)  over  a  common  pit-ooal  or  other 
fire ;  which  mast  be  gentle,  p^wiag*  aad  without  smoke.  When  the  la- 
dle is  hot,  put  a  single  bit  into  it :  if  h\uk  smoke  issues,  it  will  pra« 
sently  flame  and  disappear,  or  it  will  evaporate  without  flame  j  the 
ladle  is  then  too  hot.  When  the  ladle  is  less  hot,  put  in  a  second  Int* 
which  will  produce  a  white  smoke ;  this  white  smoke  will  canine 
during  the  operation,  and  evaporate  the  caoutchouc ;  therelNe  no 
time  is  to  be  lost,  but  little  bits  are  to  be  pot  in*  a  few  at  a  time,  till 
the  whole  are  melted  ;  it  should  be  .continually  and  gently  stirred  with 
an  iron  or  brass  spoon.  The  instant  the  moke  changes  from  wlute 
to  black*  take  off  the  ladle,  or  the  whole  will  break  out  into  a  violent 
flame,  or  be  spoiled,  or  lost.  Care  must  be  taken  that  no  water  be 
added,  a  few  drops  only  of  which  would*  on  account  of  its  expanai- 
bility,  make  it  boil  over  furiously  and  with  great  noise ;  at  this  period 
of  the  process,  2  pounds  or  1  ouart  of  the  best  drying  oil  is  to  be  put 
into  the  melted  caoutchouc,  and  stirred  till  hot,  and  the  whole  poored 
into  a  glazed  vessel  through  a  coarse  gauze^  or  wire  sieve.  When 
settled  and  dear,  which  will  be  in  a  £ew  minates,  it  is  fit  for  use, 
either  hot  or  cold. 

The  silk  should  be  always  stretched  horizontally  by  pins  or  temter- 
hooks  on  frames  :  (the  greater  they  are  in  length  the  tietter,)  and  the 
varnish  poured  on  coid  m  hot  weather,  and  Sot  in  cold  weatkerm,    It 
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is  perhaps  bMj  alvmys  to  lay  it  on  when  co]d.  The  art  of  laying  it 
on  properly,  consists  in  making  no  intestine  motion  in  the  varnish, 
which  wonld  create  minnte  bubbles,  therefore  brashes  of  every  kind 
are  improper^  as  each. bubble  breaks  in  drying,  and  forms  a  small  hole, 
through  which  the  air  will  transpire. 

This  varnish  is  pliant,  nnadhesive,  and  unalterable  by  weather. 

Famish  used  for  Indian.  Shields. — Shields  made  at  Siihrt,  in  Ben- 
gal, are  noted  throughout  India,  for  the  lustre  and  durability  of  the 
black  varnish  with  which  they  are  covered ;  Silhet  shields  constitute, 
therefore,  no  inconsiderable  article  of  traffic,  being  in  request  among 
Datives  who  carry  arms,  and  retain  the  ancient  predilection  for  the 
scimitar  and  buckler.  The  varnish  is  composed  of  the  expressed 
jnice  of  the  marking  nut,  Semecarpus  Anacardium^  and  that  of 
another  kindred  fruit,  Holigama  Longifolia, 

The  shell  of  the  Semecarpus  Anacardium  contains  between  its 
integuments  numerous  cells,  filled  with  a  black,  acrid,  resinous  juice } 
which  likewise  is  found,  though  less  abundantly,  in  the  wood  of  the 
tree.  It  is  commonly  employed  as  an  indelible  ink,  to  mark  all  sorts 
of  cotton  cloth.  The  colour  is  fixed  with  quick  lime.  The  cortical 
part  of  the  fruit  of  Holigama  Longifolia  likewise  contains  between 
its  lamins  numerous  cells,  filled  with  a  black,  thick,  acrid  fluid. 
The  natives  of  Malabar^  extract  by  incision,  with  which  they  varnish 
targets. 

To  prepare  the  varnish  according  to  the  method  practised  in  Silhet, 
the  nuts  of  the  Semecarpus  Anacardium^  and  the  berries  of  the 
Holigama  Longifolia,  having  been  steeped  for  a  month  in  clear  water, 
are  cut  transversely,  and  pressed  in  a  mill.  The  expressed  juice  of 
each  is  kept  for  several  months,  taking  off  the  scum  from  time  to 
time.  Afterwards  the  liquor  is  decanted,  and  two  parts  of  the  one 
are  added  to  one  part  of  the  other,  to  be  used  as  varnish.  Other 
proportions  of  ingredients  are  sometimes  employed  :  'but  in  all  the 
resinous  juice  of  the  Semocarpus  predominates.  The  varnish  is  laid 
on  like  paint,  and  when  dry,  is  polished  by  rubbing  it  with  an  agate, 
or  smooth  pebble.  This  varnish  also  prevents  destruction  of  wood, 
&c.  by  the  white  ant. 

To  give  a  drying  quality  to  Poppy  Oil, 
3ib.  of  pure  water, 

1  oz.  of  sulphate  of  zinc,  (white  vitriol),  and 
3  lb.  of  oil  of  pinks,  or  poppy  oil. 

Expose  this  mixture  in  an  earthen  vessel  capable  of  standing  the 
fire,  to  a  degree  of  heat  sufficient  to  maintain  it  in  a  slight  state  of 
ebidiition.  When  one  half  or  two*thirds  of  the  water  has  evai)orated, 
ponr  the  whole  into  a  large  glass  baf|l^  or  jar,  and  leave  it  at  rest 
till  the  oil  becomes  clear.  Decant  the  clearest  part  by  means  of  a 
glaSiS  funnel,  the  beak  of  which  is  stopped  with  a  piece  of  cork : 
when  the  separation  of  the  oil  from  the  water  is  completely  effected, 
remove  the  cork  stopper,  and  supply  its  place  by  the  fore-finger, 
which  must  be  tp|>Ked  In  such  a  manner  as  to  suffer  the  water  to  es- 
cape^ and  to  retaiD  only  the  oil. 
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Pq^«oil  wbeD  pra|Mired  in  ihii  maimer  htoomt^,  «ller  Mai 

weekSj  exoeedin|^y  umpid  and  colonrless. 

Togwe  •  drytng"  qtuMf  tofai  OUs. 
r^o.  1.—^  lb.  nnt-oil»  or  lin8eed-<Ml« 

1  OS.  white  lead,  tlightlv  caldned, 
1  01.  ydlow  acetate  of  lead,  (salsatami)  abocakiBied, 
1  oz.  sulphate  of  zinc,  (white  vitriol,) 
12  oz.  Titieooa  oxide  of  lead,  (litharge)  and 
a  head  of  garlic,  or  a  small  onion. 

When  the  dry  substances  are  |>ulverized,  mix  them  with  the  paik 

and  oil,  over  a  fire  capable  of  maintaining  the  oil  in  a  slight  state  d 

ebullition  :  continue  it  till  the  oil  ceases  to  throw  np  scnm,  till  it 

assumes  a  reddish  colour^  and  till  the  head  of  garlic  becomes  brovB. 

A  pellicle  wiU  then  be  soon  formed  on  the  oil,  which  indicales  t^    . 

the,  operation  is  completed.    Take  the  vessel  from  the  fire,  aod  tk    I 

pellicle,  being  precipitated  by  rest^  will  carry  with  it  aQ  the  imctaoB 

parts  which  rendered  the  oil  fat.     When  the  oil  becomes  dear,  sqa- 

rate  it  from  the  deposit,  and  put  it  into  wide-monthed  bottles,  wb^ 

it  will  completely  clarify  itseli  in  time,  and  improve  in  quality. 

No.  2.— II  oz.  of  vitreous  oxide  of  lead,  (litharge) 

j  oz.  sulphate  of  zinc,  (white  vitriol)  and 

16  oz.  linseed,  or  nut-oil. 

The  operation  must  be  conducted  as  in  the  preceding  case. 

The  dioice  of  the  oil  is  not  a  matter  of  indifference.  If  it  be  des- 
tined for  painting  articles  exposed  to  the  impression  of  the  extendi 
air,  or  for  delicate  painting,  nut-oil  or  poppy-oil  will  be  reqoisite. 
Linseed  oil  is  used  for  coarse  painting,  and  that  aheltered  from  the 
effects  of  the  rain  and  of  Uie  sun. 

A  little  negligence  in  the  management  of  the  fire,  has  often  ti  in- 
fluence on  the  colour  of  the  oil,  to  which  a  drying  quality  is  eon- 
municated  ;  in  this  case  it  is  not  proper  for  delicate  painting  This 
inconvenience  may  be  avoided  by  tying  up  the  drying  matters  ic  a 
small  bag  3  but  the  dose  of  the  litharge  must  then  be  doubled.  Tbs 
bag  must  be  suspended  by  a  piece  of  packthread  fastened  to  a  stick, 
which  is  made  to  rest  on  the  edge  of  the  v  ssel  in  such  a  inanBer 
as  to  keep  the  bag  at  the  distance  of  an  inch  from  the  bottom  of  the 
vessel.  A  pellicle  will  be  formed  as  in  the  first  operation,  but  it  «il^ 
be  slower  in  making  its  appearance. 

No.  3. — A  drying  quality  may  be  communicated  to  oil  by  treating, 
in  a  heat  capable  of  maintaining  a  slight  ebullition,  linseed,  or  nut  oil, 
to  each  pound  of  which  i.s  added  3  oz.  of  vitreous  oxide  of  lead, 
(litharge)  reduced  to  fine  powder. 

The  preparation  of  tloor-cloths,  and  all  paintings  of  large  figures 
or  ornaments,  in  which  argillaceous  colours,  such  as  yellow  and  n^ 
boles,  Dutch  pink,  &c.  are  employed,  require  this  kind  of  prepaiatico, 
that  the  desiccation  mav  not  be  too  slow  ;  but  painting  for  whtck 
metallic  oxides  are  useu,  such  as  preparations  of  lead,  copper,  &£• 
require  only  the  doses  before  indicated,  because  these  oxides  coatsia 
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a  great  deal  of  oxjgea,  and  the  oil«  by  dior  oontaet^  ittpirai  bmnto 
of  a  drying  quality. 

No.  4,-2  lbs.  of  nut-oil^ 

3  Ibfl,  of  common  water»  and 

2  oz.  of  sulphate  of  zinc,  f  white  yitriol). 
Mix  these  matters,  and  subject  them  to  a  slight  ebalIition>  till 
little  water  remains.  Decant  the  oil,  which  will  pass  over  with  a 
small  qoantity  of  water,  and  separate  the  latter  by  means  of  a  funnel. 
The  oil  remains  nebulous  for  some  time  5  after  which  it  becomes 
clear,  and  seems  to  be  rery  little  coloured. 

No.  5.— 61bs,  of  nut-oil,  or  linseed-oil> 

4  lbs.  of  common  water, 

1  oz.  of  sulphate  of  zinc,  and 
1  head  of  garlic. 
Mix  these  matters  in  a  large  iron  or  copper  panj  then  plaoo 
them  over  the  fire,  and  maintain  the  mixture  in  a  state  of  ebulfition 
during  the  whole  day  :  boiling  water  must  from  time  to  time  be  added 
to  make  up  for  the  loss  of  that  by  evaporation.  The  garlic  will  as* 
frame  a  brown  appearance.  Take  the  pan  from  the  nre,  and  having 
suffered  a  deposit  to  be  formed,  decant  the  oil,  which  will  clarify  it- 
self in  the  vessels.  By  this  process  the  drying  oil  is  rendered  some* 
what  more  coloured  :  it  is  reserved  for  delicate  colours. 

Resinous  Drying  Oi/.— Take  10  lbs.  of  drying  nut  oil,  if  the  paint 
is  destined  for  external,  or  10  lbs.  of  drying  Unseed  oil,  if  for  interna^ 
articles. 

3  lbs.  of  resin^  and 
6  oz.  of  turpentine. 
Cause  the  resin  to  dissolve  the  oil  by  means  of  a  gentle  heat. 
When  dissolved  and  incorporated  with  the  oil,  add  the  turpentine  ; 
leave  the  varnish  at  rest,  by  which  means  it  will  often  deposit  por«> 
tions  of  resin  and  other  impurities ;  and  then  preserve  it  in  wide- 
moathed  bottles.  It  must  be  used  fresh ;  when  suffered  to  grow  old 
it  abandons  some  of  its  resin.  If  this  resinous  oil  afsnmes  too  much 
consistence,  dilute  it  with  a  little  essence,  if  intended  for  artidea 
sheltered  from  the  snn>  or  with  oil  of  poppies. 

In  Switzerland,  where  the  principal  ^art  of  the  mason's  workcon- 
aista  of  stones  stdyect  to  crumble  to  pieces,  it  is  often  found  nece«-> 
sary  to  give  them  a  coating  of  oil  paint*  to  stop  the  effects  of  this 
decomposition.  This  painting  has  a  great  deal  of  lustre,  and  whon 
the  last  coating  is  applied  with  resinous  oil,  it  has  the  effect  of  a  var- 
nish. To  give  it  more  durability,  the  first  ought  to  be  applied  ex- 
ceedingly warm  and  with  plain  oil*  or  oil  very  little  chaiged,  with  the 
grey  colour,  which  is  added  to  the  two  following.-^ 
Pai  Copal  Fami$h. 

16  oz.  of  picked  copal« 

8  oz.  of  prepared  linseed  oil»  or  oil  of  poppiesj  and^ 
16  oz.  of  essence  of  tnrpentme. 
Liquefy  the  copal  in  a  matrass  over  a  common  fire,  and  then  add 
the  Unseed  oil«  or  oil  of  poppies,  in  a  state  of  ebullition ;  when  these 
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iBAtten  are  iocorponted,  take  tbe  matrass  from  the  fire,  stir  tlie  mat- 
ter  till  the  greatiest  heat  is  subsided,  and  then  add  the  essence  ol 
turpentine  warm.  Strain  the  whole,  while  still  warm,  through  a 
piece  of  Unen,  and  pat  the  ▼amish  into  a  wide-monthed  bottle,  lime 
oontrilHites  towards  its  clarification  ;  and  in  this  manner  it  acquires 
a  better  qoality. 

Vamukfor  Watch-Cases,  in  imitation  of  Torloise^Jiell. 
6  oz.  of  copal  of  an  amber  colour, 
1^  oz.  Venice  torpentine, 
24  oz.  prepared  linseed  oil,  and 
6  oz.  essence  of  turpentine. 

It  is  customary  to  place  the  turpentine  over  the  copal,  reduced  to 
•mail  fragments*  in  the  bottom  of  an  earthen  or  metal  vess^U  or  in  a 
y  matrass  exposed  to  such  a  heat  as  to  liquefy  the  copal :  but  it  is  more 

advantageous  to  liquefy  the  latter  alone,  to  add  the  oil  in  a  state  of 
ebullition,  then  the  turpentine  liauefied,  and  in  the  last  place,  the 
essence.  If  the  ramish  is  too  tbidc,  some  essence  may  be  added. 
The  latter  liquor  is  a  regulator  for  the  consistence  in  the  hands  of  an 
artist. 

To  make  a  Colourless  Copal  Varnish, — As  all  copal  is  not  fit  for  this 
purpose,  in  order  to  ascertain  such  pieces  as  are  ^d,  each  must  tie 
taken  separately,  and  a  single  drop  of  pure  essential  oil  of  rosemary, 
not  altered  by  keeping,  must  be  let  fali  on  it.  Those  pieces  which 
iolten  at  the  part  that  imbibes  the  oil,  are  good ;  reduce  them  to 
powder,  which  sift  through  a  very  fine  hair*sieve,  and  put  it  into  a 
{[lass,  on  the  bottom  of  which  it  must  not  lie  more  than  a  fiager*s 
breadth  thick.  Pour  upon  it  essence  of  rosemary  to  a  similar  height ; 
■tir  the  whole  for  a  few  minutes,  when  the  copal  will  dissolve  into  a 
Tisoous  fluid.  Let  it  stand  for  two  hours,  and  then  pour  gently  on 
h  two  or  three  drops  of  very  pure  alcohol,  which  distribute  over  the 
oUy  mass,  by  indining  the  bottle  in  different  directions  with  a  very 
gentle  motion.  Repeat  this  operation  by  little  and  little,  till  the  in- 
corporation is  effected,  and  the  varnish  reduced  to  a  proper  degree  of 
fluidity.  It  must  then  be  left  to  stand  a  few  days,  and,  when  very 
dear,  be  decanted  off.  This  varnish,  thus  made  without  heat,  may 
be  applied  with  e^ual  fucoess,  to  pasteboard,  wood,  and  metals,  and 
takes  a  better  polish  than  any  other.  It  may  be  used  on  paintings, 
the  beauty  of  which  it  greatly  heightens. 
OoUUeohured  Coftsl  Varnish. 

1  oz.  Copal  in  powder, 

2  oz.  essential  oil  of  lavender,  and 
6  oz.  essence  of  turpentine. 

Pbt  the  essential  oil  of  lavender  into  a  matrass  of  a  proper  aiM, 
plaoad  on  a  sand-bath  heated  by  an  Aigand*s  lamp,  or  over  a  dkh 
aerate  ooal*fire.  Add  to  the  oil  while  very  warm,  and  at  aeveral 
times,  the  copal  powder,  and  stir  the  mixture  with  a  stick  of  white 
wood,  rounded  at  the  end.  When  the  copal  has  entirdy  disappeaied, 
add  at  three  different  times  the  essence  almost  in  a  state  of  eboUition, 
and  kcisp  continually  stirring  the  mixture.    When  the  solution  is 
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completed^  the  result  will  be  a  varnish  of  a  gold  colour,  exceeding- 
iy  durable  and  brilliant^  but  leu  drying  than  the  preceding. 
'  No.  2.  To  obtain  this  varnish  colourless^  it  will  be  proper  to  recti- 
fy the  essence  of  the  shops^  which  is  often  highly  coloured,  and  to 
give  it  the  necessary  density  by  exposure  to  the  sun  in  bottles  closed 
with  cork  stoppers,  leaving  an  interval  of  some  inches  between  the 
stopper  and  the  surface  of  the  liquid,  A  few  months  are  thus  suffix 
cient  to  communicate  to  it  the  required  qualities.  Besides,  the  es- 
sence of  the  shops  is  rarely  possessed  of  that  state  of  consistence, 
without  having  at  the  same  time  a  strong  amber  colour. 

The  varnish  resulting  from  the  solution  of  copal  in  oil  of  turpentine, 
brought  to  such  a  state  as  to  produce  the  maximum  of  solution,  is  ex- 
eeedittgly  durable  and  brilliant.  It  resists  the  shock  of  hard  bodies 
much  better  than  the  enamel  of  toys,  which  often  becomes  scratched 
and  whitened  by  the  impression  of  repeated  friction  ;  it  is  applied 
with  the  greatest  success  to  philosophical  instruments,  and  the  paint- 
ings with  which  vessels  and  other  utensils  of  metal  are  decorated,  ^v^l 
No.  3.-^  oz.  copal,  and 

1  oz.  clear  turpentine. 

Put  the  copal,  coarsely  pulverized,  into  a  varnish  pot,  and  give  it 
the  form  of  a  pyramid,  which  must  be  covered  with  turpentine.  Shut 
the  vessel  closely,  and  placing  it  over  a  gentle  fire,  increase  the  heat 
gradually  that  it  may  not  attack  the  copd  ;  as  soon  as  the  matter  is 
well  liq^uefied,  pour  it  upon  a  plate  of  copper,  and  wlien  it  has  re- 
sumed its  consistence  reduce  it  to  powder. 

Put  half  an  ounce  of  this  powder  into-  a  matrass  with  four  ounces  of 
the  essence  of  turpentine,  and  stir  the  mixture  till  the  solid  matter  is 
entirely  dissolved. 

Cmmphorated  Copal  Famish. — ^This  varnish  is  destined  for  articles 
which  require  durability,  pliableaess,  and  transparency,  such  as  the 
varnished  wire-gauze,  used  in  ships  instead  of  glass. 
2  oz.  of  pulverized  copal, 
6  oz.  of  essential  oil  of  lavender, 
T  of  an  oz.  of  camphor,  and 
essence  of  turpentine,  a  sufficient  quantity,  ac-   ^ 
cording  to  the  consistence  required  to  be  gives 
to  the  varnish. 

Pat  into  a  phial  of  thin  glass,  or  into  a  small  matrass,  the  essen- 
tial  oil  of  lavender  and  the  camphor,  and  place  the  mixture  on  a 
Bsoderately  open  fire,  to  bring  the  oil  and  the  camphor  to  a  slight  state 
of  ebullition  -,  then  add  the  copal  powder  in  small  portions^  which 
nust  be  renewed  as  they  disappear  m  the  liquid.  Favour  the  sohi- 
tion,  by  continually  stirring  it  with  a  stick  of  white  wood ;  and  when 
the  oopial  is  incorporated  with  the  oil,  add  the  essence  of  turpentine 
boiling :  but  care  must  be  taken  to  poor  in,  at  first,  only  a  small 
portion. 

This  varnish  is  little  coloured,  and  by  rest  it  acquires  a  transiMi* 
rencv  which,  united  to  the  solidity  observed  in  almost  every  kind  of 
eopsl  varnishes,  readers  it  fit  to  be  applied  with  [great  success  isi 
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many  caaaf*  and  partieokHy  in  tlie  iofeiiiMs  iDTcntioii  of  Mtwti* 
tuting  vaniithed  metallic  ganate  in  the  room  of  Mnsoovy  talcp  a  land 
of  mica,  in  Ufge  laminsB^  used  for  the  cabin  windowa  of  ships,  as 
presenting  more  resistance  to  the  concuasion  of  the  air  dnring  the 
firing  of  the  gnns.  Varnished  metallic  ganse»  of  this  kind,  is  ma- 
nnfactnred  at  Rooen. 

Ethereal  Copal  f^armiih. — §  oz.  of  amberry  copal,  and 
2  oz.  of  ether. 

Redooc  the  copal  to  a  very  fine  powder,  and  intfXMlnoe  it  by  small 
portions  into  the  flask  which  contains  the  ether ;  close  the  flask  with 
a  glass  or  cork  stopper,  and  having  shaken  the  mixture  for  half  an 
hour,  leave  it  at  rest  till  the  next  morning.  In  shaking  the  flask,  if 
the  sides  become  covered  with  small  undnlationi .  and  if  the  liquor  be 
not  exceedingly  dear,  the  solution  is  not  complete.  In  this  case,  add 
a  little  ether,  and  leave  the  mixture  at  rest,  ^e  varnish  is  of  a 
light  lemon  colour.  The  laigest  quantity  of  copal  united  to  ether 
may  be  a  fourth,  and  the  least  a  fifth.  The  use  of  copal  varnish  made 
with  ether  seems,  by  the  expense  attending  it,  to  be  confined  to  re- 
pairing those  accidents  which  freonently  happen  to  the  enamel  of 
toys,  as  it  will  supply  the  place  of  glass  to  the  ooloared  Tarnishes 
employed  for  mend  log  fractures,  or  to  restoring  the  smooth  snrfaoe 
of  paintings  which  have  been  cracked  and  shattered. 

The  great  volatility  of  ether,  and  in  pu'ticular  its  high  price,  do 
not  allow  the  application  of  this  varnish  to  be  recommended,  but  ibr 
the  purpose  here  indicated.  It  has  been  applied  to  wood  with  com- 
plete success,  and  the  glazing  it  produced,  united  lustre  to  solidity. 
In  consequence  of  the  too  speedy  evaporation  of  the  liquid,  it  ofVen 
boils  under  the  brush.  Its  evaporation,  however,  may  be  retarded, 
by  spreading  over  the  wood  a  slight  stratum  of  essential  oil  of  rose- 
mary, or  lavender,  or  even  of  turpentine,  which  may  afterwards  be 
removed  by  a  piece  of  linen  rag  ;  what  remains  is  sufficient  to  refcaid 
the  evaporation  of  the  ether. 

Turpentine  Copal  yitmish. 

U  oz.  of  copal,  of  an  amber  colour,  and  in  powder,  and 
6  oz.  of  best  oil  of  turpentine. 

Expose  the  essence  to  a  balneum  marisB,  in  a  wide-mouthed  matrass 
with  a  short  neck  -,  as  soon  as  the  water  of  the  bath  begins  to  boil, 
throw  into  the  essence  a  laige  pinch  of  copal  powder,  and  keep  the 
matrass  in  a  state  of  circular  motion.  When  the  powder  is  iocor* 
porated  with  the  essence,  add  new  doses  of  it ;  and  oontiniie  in  this 
manner  till  you  observe  that  there  is  formed  an  insoint^le  depodt 
Then  take  the  matrass  fi'om  the  batb,  and  leave  it  at  rest  for  some 
days.    Draw  off  the  clear  varnish,  and  filter  it  throu^  cotton. 

At  the  moment  when  the^rst  portion  of  the  copal  is  throws  into ' 
the  essence,  if  the  powder  prec'rpitate  itself  under  the  form  of  lamps, 
it  is  needless  to  proceed  any  further.  This  effect  arises  from  two 
causes :  either  the  essence  (toes  not  pessess  the  pr<^per  degree  of 
eoncentration,  or  it  has  not  been  snflkaently  delved  of  water. 
Exposure  to  the  sun,  employing  the  same  matrass,  to  which  a  cork 
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Stopper  omjht  to  be  added,  will  give  it  the  qualities  requisite  for  the 
solntion  of  the  oopal. .  This  effect  will  be  annoDBced  by  the  disap^ 
pearanee  of  the  portion  of  copal  already  put  into  it. 

Another  Copal  Famish, 

3  oz.  of  copal,  liquefied,  and 
20  oz.  of  essence  of  turpentine. 

Place  the  matrass  containing  the  oil  in  a  balneum  marie,  and  when 
the  water  boils  add  the  pulverized  cppal  in  small  doses.  Keep  stir- 
ring the  mixtnre,  and  add  no  more  copal  till  the  former  be  incorpo- 
rated with  the  oil.  If  the  oil,  in  consequence  of  its  particular  dispo- 
sition, can  take  up  3  ounces  of  it,  add  a  little  more ;  but  stop,  if  the 
liquid  becomes  nebulous,  then  leave  the  varnish  at  rest.  If  it  be  too 
thick,  dilute  it  with  a  little  warm  essence,  after  having  heated  it  in 
the  balneum  mariae.  When  cold,  filter  it  through  cotton,  and  pre* 
serve  it  in  a  dean  bottle. 

This  varnish  lias  a  good  consistence,  and  is  as  free  from  colour  as 
the  best  alcoholic  varnish.  When  extended  in  one  stratum  over 
smooth  wood,  which  lias  undergone  no  preparation,  it  forms  a  very 
brilliant  glazing,  which,  in  the  course  of  two  days,  in  summer,  ac- 
quires all  the  solidity  that  may  be  required. 

The  facility  which  attends  the  preparation  of  this  varnish  by  the 
new  method  here  indicated,  will  admit  of  its  being  applied  to  all 
coloured  grounds  which  require  solidity,  pure  whites  alone  excepted; 
painted  boxes,  therefore,  and  all  small  articles,  coloured  or  not 
coloured,  M'henever  it  is  required  to  make  the  veins  appear  in  all  the 
richness  of  theik*  tones,  call  for  the  application  of  this  varnish,  which 
produces  the  most  beautiful  effect,  and  which  is  more  durable  than 
turpentine  vamisbes  composed  with  other  resinous  substances.- 

Fat  Amber  Famish* 

16  oz.  of  amber,  coarsely  powdered, 
2  oz.  of  Venice  turpentine,  or  gum  lac, 
10  oz.  of  prepared  linseed  oil,  and 
'  1 6  oz.  of  essence  of  turpentine. 

The  circumstances  of  the  process  are  the  same  as  those  prescribed 
for  the  preparation  of  the  camphorated  copal  varnish. 

This  varnish  was  formerly  much  used  s  but  it  has  given  place,  in 
pa/t,  to  that  of  copal,  which  is  preferred  on  account  of  its  being  less 
coloured.  Watin  introduces  more  essence  and  less  linseed  oil; 
experience  and  long  practice  are  the  only  authority  on  which  I  recom« 
mend  the  adoption  of  the  present  formula. 

Amber  Famish  with  Essence  of  Turpentine. 

6  or  7  oz.  of  liquefied  amber,  and  separated  from 
the  oily  portions  which  alter  its  consistence* 
Reduce  the  amber  to  powder,  and  if  the  operation  of  pounding  forms 
it  into  a  paste,  break  it  with  your  fingers :  then  mix  it  with  the 
essence,  and  heat  the  whole  in  a  bidneom  inarias.  It  will  speedily 
dissolve,  and  the  essence  will  take  up,  at  the  least/ a  fourth  part  of 
its  weight  of  the  prepared  amber. 

When  one  coatmg  of  it  is  applied  to  white  smooth  woodf  bnl 
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wtthoot  any  prepftration,  it  forms  a  very  pure  and  fery  dnraUe 
glasiog,  which  speedily  dries,  hot  slower  than  oopal  varnish, 
iai  Amber,  w  Ckfpal  Varnish. 

4  oz.  of  amber  or  copal  of  ooe  (iosioa, 
10  OS.  of  essence  of  torpeattne,  and 
10  oz.  of  drying  linseed  oiL 
Pot  the  whole  into  a  pretty  uu^se  matrass,  and  expose  it  to  the 
heat  of  a  balneam  marlse,  or  move  it  over  the  surface  of  an  uncovered 
diaffing-dish^  bat  without  flame«  and  at  the  distance  from  it  of  two 
or  thiee  inches.     When  the  solntion  is  completed,  add  still  a  little 
copal  or  amber  to  saturate  the  liquid  $  theia  pour  the  whole  on  a 
fdter  prepared  with  cotton,  and  leave  it  to  darify  by  rest.     If  the 
varnish  is  too  thick,  add  a  little  warm  essence  to  prevent  the  separa- 
tion of  any  of  the  amber. 

This  varnish  is  coloured,  but  far  less  so  than  those  composed  by 
the  usual  methods.  When  spread  over  white  wood,  without  any 
preparation,  it  forms  a  solid  glazing,  and  communicates  a  slight  tint 
to  the  wood. 

If  it  be  required  to  chan;e  this  varnish  with  more  copal,  %■  prepared 
amber,  the  liquid  must  be  composed  of  two  parts  of  essence  for  one 
0f  oil. 

Compound  Mattic  Varnish. 

32  oz.  of  pure  alcohol, 
6  oz.  of  purified  masticy 
3  oz.  of  gum  sandarac, 

3  oz.  of  very  clear  Venice  turpentine,  and 

4  oz.  of  glass,  coarsely  pounded. 

Reduce  the  mastic  and  sandarac  to  fine  powder  j  mix  this  powder 
with  white  glass,  from  which  the  finest  parts  have  been  separated  by 
means  of  a  hair  sieve ;  put  all  the  ingredients,  with  alcobol,  into  a 
short-necked  matrass,  and  adapt  to  it  a  stick  of  white  wood,  rounded 
at  the  end,  and  of  a  length  proportioned  to  the  height  of  the  matrass, 
that  it  may  be  put  in  motion.  Expose  the  matrass  in  a  vessel  filled 
with  water,  made  at  first  a  little  warm,  and  which  most  afterwards 
be  maintained  in  a  state  of  ebullition  for  one  or  two  hours.  The 
matrass  may  be  made  fast  to  a  ring  of  straw. 

When  the  solution  seems  to  be  sufficiently  extended,  add  the  tur- 
pentine, which  most  be  kept  separately  in  a  phial  or  a  pot,  and  which 
must  be  melted,  by  immersing  it  for  a  moment  in  a  balneum  mariae. 
The  matrass  must  be  still  left  in  the  water  for  half  an  hour,  at  the 
end  of  which  it  is  taken  off ;  and  the  varnish  is  continuallv  stirred 
till  it  IS  somewhat  cool.  Next  day  it  is  to  be  drawn  off,  and  filtered 
through  cotton.     By  these  means  it  will  become  exceedingly  limpid. 

The  addition  of  glass  may  appear  extraordinary  j  but  this  substance 
divides  the  parts  of  the  mixture,  which  have  been  made  with  the  dry 
ingredients,  and  it  retains  the  same  quality  when  placed  over  die  fire, 
ft  therefore  obviates  with  success  two  inconveniences,  which  are 
exceedingly  troublesome  to  those  who  compose  varnishes.  In  the 
first  place,  by  dividing  the  matters^  it  facilitates  the  action  of  the 
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alcohol ;  and  in  the  second  its  weight,  which  snrpasses  that  of  resins^ 
prevents  these  resins  from  adheriog  to  the  bottom  of  the  matrass,  and 
also  the  coloration  acquired  by  the  varnish  when  a  sand-bath  is  em- 
ployed^ as  is  commonly  the  case. 

The  application  of  this  varnish  is  suited  to  articles  belonging  to  the 
toilette^  such  as  dressing-boxes^  cut  paper-works>  &c.  The  following 
possess  the  same  brilliancy  and  Instre  5  bnt  they  have  more  solidity^ 
and  itre  exceedingly  drying. 

Camphorated  Mastic  P^arnish  for  Paintings, 

12  oz.  of  mastic^  cleaned  and  washed, 
1-J^  oz.  of  pore  turpentine, 
§  oz.  of  camphor, 
5  oz.  of  white  glass,  ponnded,  and 
36  oz.  of  ethereous  essence  of  turpentine. 
Make  the  varnish  according  to  the  method  indicated  for  compound 
mastic  varnish  of  the  first  genus.    The  camphor  is  employed  in 
pieces,  and  the  turpentine  is  added  when  the  solution  of  the  resin  is 
completed.  .But  if  the  varnish  is  to  be  applied  to  old  paintings,  or 
paintings  which  have  been  already  varnished,  the  turpentine  may  be 
suppressed,  as  this  ingredient  is  here  recommended  only  in  cases  of  a 
first  application  to  new  paintings^  and  just  freed  from  white  of  egg 
varnish* 

The  etherons  essence  recommended  for  yamish,  is  that  distilled 
slowly,  without  any  intermediate  substance,  according  to  the  second 
process  already  given  for  its  rectification. 

The  question  by  able  masters,  respecting  the  kind  of  varnish  pro- 
per to  be  employed  for  paintings,  has  never  yet  been  determined. 

Some  artists,  who  have  paid  particular  attention  to  this  object, 
make  a  mystery  of  the  means  they  employ  to  obtain  the  desired  effect. 
The  real  end  may  be  accomplished  by  giving  to  the  varnish,  destined 
for  painting,  pliability  and  softness,  without  being  too  solicitous  in 
regard  to  what  may  add  to  its  consistence  or  its  solidity.  The  latter 
quality  is  particularly  requisite  in  varnishes  which  are  to  be  applied 
to  articles  much  exposed  to  friction,  such  as  boxes,  furniture,  &c. 

To  make  Painter's  Cream. — Painters,  who  have  long  intervals  be- 
tween their  periods  of  labour,  are  accustomed  to  cover  the  parts  they 
have  painted  with  a  oreparation  which  preserves  the  freshness  of  the 
colours,  and  which  thev  can  remove  when  they  resume  their  work. 
This  preparation  is  as  follows  : 
3  oz.  very  dear  nn€  oilj 
^  oz.  mastic  in  tears,  pulverized^  and 
^  oz.  sal  satumi,  in  powder,  (acetate  of  lead.) 

Dissolve  the  mastic  oil  over  a  gentle  fire,  and  poor  the  mixture  into 
a  marble  mortar,  ovet  the  pounded  salt  of  lead ;  stir  it  with  a  wooden 
pestle,  and  add  water  in  small  quantities,  till  the  matter  assume  the 
appearance  and  consistence  of  cream,  and  refuse  to  admit  more  water. 

*  Sandarac  Famish, 

.  .    8  oz.  gnm  sandarac^ 
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2  OS*  pomidecl  msstlCy 
4  OS.  clear  turpentine^ 
4oz.poondedgla88,  and 
32  oz.  alcohol^ 
WXf  and  ffitiolTe  as  before. 

Campomnd  Sandarac  Famish. 

3  oz.  pounded  copal  of  an  amber  colonrj  once  liqnelied, 
6  OS.  gmn  aandarac, 

3  OS.  masdc^  cleamxl, 
21  OS.  clear  torpentine^ 

4  OS.  poonded  glass,  and 
32  oz.  para  akonol. 

Mk  tbese  ingreaients>  and  pursue  the  same  method  as  abore. 

This  yamish  is  destined  for  articles  subject  to  friction^  sucii  as 
fiomiture,  chairs,  fan-sticks,  mouldings.  Sec.  and  eren  metals,  to  which 
it  may  be  applied  with  success.  The  sandarac  gives  it  great  duraMlitj. 

CamphortUed  Sandarao  Varniih  for  cut  Paper  Works,  Drtssing 
Bosa,ife. 

No.  i«F-6  OS.  gum  sandarac> 
4  oz.  gum  elemi, 
1  oz.  gum  anima* 
I  oz.  camphor, 
4  ot.  pounded  fflass,  and 
32  oz.  pure  alcohol. 
Make  the  varnish  accordbg  to  the  directions  already  giren.      The 
soft  renns  must  be  pounded  with  the  dry  bodies.    The  camphor  is 
to  be  added  in  pieces. 

No  2d— 6  OS.  gallipot,  or  white  incense, 
2  oz.  gum  animi, 
2  oz.  gum  elemi, 
4  oz.  pounded  glass,  and 
32  oz.  alcohol. 
Make  the  vaniish  with  the  precautions  indicated  for  the  compound 
mastic  famish. 

The  two  last  yamishes  are  to  be  used  for  cdlings  and  wainscoti, 
coloured  or  not  coloured  :  they  may  even  be  employed  as  a  covering 
to  parts  painted  with  strong  colours. 

Spirituous  Sandarac  Famish  for  Wainscoiiing^  srnaU  ArUcki  ff 
Fumiluret  Balustrades,  and  inside  Raiiing. 
No.  1.— 6  oz.  of  gum  sandarac, 
2  oz.  of  shell  lac, 
4  oz.  of  colophonium,  or  resin, 
4  oz.  of  white  glass  i>owdered, 
4  oz.  of  clear  turpentine,  and 
32  oz.  of  pure  alcohol. 
Dissolve  the  varnish  according  to  the  directiona  given  for  com- 
pound mastic  varnish. 
This  varnish  is  suffidentiy  durable  to  be  applied  to  articlea  destuted 
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to  daily  and  oontinnal  nse.    VamiBlida  composed  with  oopal  onght^ 
however^  in  these  cases,  to  be  preferred. 

No.  2 — ^Tbere  is  another  composition  which,  without  forming  part 
of  the  compoond  varnishes,  is  employed  with  success  for  giving  a 
polish  and  lastre  to  famitnre  made  of  wood  :  wax  forms  the  basis 
of  it. 

Many  cabinet-makers  are  contented  with  waxing  common  famiture^ 
snch  as  tables*  chests  of  drawers,  &c*  This  covering,  by  means  of 
repeated  friction,  soon  acquires  a  polish  and  transparency  which  re« 
sembles  those  of  varnish.  Waxing  seems  to  possess  qualities  pecu- 
liar to  itself ;  but,  like  varnish,  it  is  attended  with  inconveniences  as 
well  as  advantages. 

Varnish  supplies  better  the  part  of  glazing ;  it  gives  a  lustre  to 
the  wood  which  it  covers,  and  heightens  the  colours  of  that  destined, 
in  particular,  for  delicate  articles.  These  reid  and  valuable  adran* 
tages  are  counterbalanced  by  its  want  of  consistence  )  it  yields  too 
easily  to  the  shrinking  or  swelling  of  the  wood,  and  rises  in  scales, 
or  shts,  on  being  exposed  to  the  slightest  shock.  These  accidents  can 
be  repaired  only  by  new  strata  of  varnish,  which  render  application 
to  the  vamisher  necessary,  and  occasion  trouble  and  expense. 

Waxing  stands  shocks ;  but  it  does  not  possess,  in  the  same  degree 
as  varnish,  the  property  of  giving  lustre  to  the  bodies  on  which  it  is 
applied,  and  of  heightening  their  t4nts.  The  lustre  it  communicates 
is  dull,  but  this  inconvenience  is  compensated  by  the  facility  with 
which  any  accident  that  may  have  altered  its  polish  can  be  repairedi 
by  rubbing  it  with  a  piece  of  fine  cork.  There  are  some  circum- 
stances, therefore,  under  which  the  application  of  wax  ought  to  be 
preferred  to  that  of  varnish.  This  seems  to  be  the  case  in  particular 
with  tables  of  walnut-tree  wood,  exposed  to  daily  use,  chairs,  mould- 
ings, and  for  all  small  articles  subject  to  constant  employment. 

But  as  it  is  of  importance  to  make  the  stratum  of  wax  as  thin  as 
possible  in  order  that  the  veins  of  the  wood  may  be  more  apparent, 
the  following  process  will  l>e  acceptable  to  the  reader. 

Melt  over  a  moderate  fire,  in  a  very  clean  vessel,  two  ounces  of 
white  or  yellow  wax;  and,  when  liquefied,  add  four  ounces  of 
good  essence  of  turpentine.  Stir  the  whole  until  it  is  entirely  cool, 
and  the  result  will  be  a  kind  of  pomade  fit  for  waxing  furniture,  and 
which  must  be  rubbed  over  them  according  to  the  usual  method. 
The  essence  of  turpentine  is  soon  dissipated ;  but  the  wax,  which  by 
its  mixture  is  reduced  to  a  state  of  very  great  division,  may  be  ex- 
tended with  more  ease,  and  in  a  more  uniform  manner.  *  The  es- 
sence soon  penetrates  the  pores  of  the  wood,  calls  forth  the  colour  of 
it,  causes  the  wax  to  adhere  better,  and  the  lustre  which  thence  re« 
suits  is  equal  to  that  of  varnish^  without  having  any  of  its  incon- 
veniences. 

Coloured  Famish  for  Fiolins,  and  ether  stringed  Instruments,  also 
foft  Flum'4ree,  Makogany,  and  Bose^ufood. 
4  oz.  gum  sandarac, 
2  Of.  seed  lac^ 
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'   <».  iBMtie, 

1  oz.  BeBJanin  in  tem» 
4  oz.  potinded  glass, 

2  oz.  Venice  turpentine,  and 
32  OS.  pnre  alooboL 

Tbe  gam  sandarac  and  lac  render  this  varnish  daraLk :  it  mtcf  be 
eoloored  with  a  little  saffhyn  or  dragon's  blood. 
Fdi  FamiMk  of  a  gold  colour. 
8  OK.  amber, 
2  oz.  gnu  lac* 
8  oz.  drying  linseed  oil,  and 
16  oz.  essence  of  tnrpentine. 
Dissolve  separately  tbe  gam  lac,  and  then  add  the  aoilMr*  P!9^' 


ed  and  pnlrerized,  with  the  linseed  oil  and  essence  very  warm, 
the  whole  has  lost  part  of  its  heat,  mix  in  relative  proportions,  tine* 
tares  of  annatto,  of  terra  merita,  gam  ffottse,  and  dragon's  blood. 
This  varnish,  when  applied  to  white  metsitf ,  gives  them  a  gold  ookmr. 
Fai  Turpentine  or  Golden  Vanmk,  being  a  mordant  to  gold  and 
dark  colours. 

16  oz.  boiled  Unseed  oil, 
8  oz.  Venice  tarpentine,  and 
5  oz.  Naples  yellow. 
Heat  the  oil  with  the  tnrpentine ;  and  mix  the  Naples  yeUow  pnl« 
verized. 

Naples  yellow  is  an  oxide  of  lead,  the  composition  of  which  will 
be  given  when  we  come  to  treat  of  coloarin^  snbstaoees.  It  Is  snb» 
stitnted  here  for  resios,  on  aocoant  of  its  drying  qaaiities,  and  in  par« 
ticniar  of  its  coloar,  which  resembles  that  of  gold ;  great  nse  is 
made  of  tbe  varnish  in  applyiag  gold  leaf. 

Tbe  yellow,  however,  may  be  omitted  when  this  spedes  of  varnish 
is  to  be  solid  and  coloured  coverings.    In  this  case  an  onnoe  of  li- 
tharge to  each  pound  of  composition  may  be  sabetitnted  in  its  stead, 
witlu>ot  this  roixtare  doing  any  injury  to  the  oolonr  which  is  to  coa« 
stitute  tbe  ground,  (la  teinte  dure,) 
Turners*  Varnish  for  Box  Wood. 
5  oz.  seed  lac, 
2  oz.  gam  saadarac, 
1^  oz.  gum  elemi,*^ 
2  oz.  ^nice  tnrpentine, 
5  oz.  pounded  glass,  and 
24  oz.  pore  alcohol. 
The  artists  of  St  Claude  do  not  all  employ  this  formula^  which 
required  to  be  corrected  on  account  of  its  too  great  dryness,  which 
is  here  lessened  by  the  turpentine  and  gum  elemi.    This  composition 
is  secured  from  cracking,  which  disfigures  these  boxes  after  they  had 
been  used  for  some  months. 

No.  2.— Other  tamers  employ  the  gum  lac  united  to  a  little  elemi 
and  tarpentine  digested  some  months  in  pare  alcohol  exposed  to  Ihe 
son.     If  this  method  be  followed,  it  will  be  proper  to  snbstitate  for 
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the  sandarac,  the  same  quantity  of  gnm  lac  reduced  to  powder,  and 
uot  to  add  the  turpentine  to  the  alcohol,  which  ought  to  be  exceed- 
ingly pure,  till  towards  the  end  of  the  infusion. 

Solar  infusion  requires  care  and  attention.  Vessels  of  a  sufficient 
size  to  allow  the  spirituous  vapours  to  circulate  fteely  ought  to  be 
employed,  because  it  is  necessary  that  the  vessels  should  be  closely 
shut,  ^thout  this  precaution  the  spirits  would  become  weakened, 
and  abandon  the  resin  which  they  lud  hold  of  during  the  first  days 
of  exposure.  This  perfect  obituration  will  not  admit  of  the  vesseU 
being  (00  full. 

In  general,  the  varnishes  applied  to  articles  which  may  be  pat  into 
the  lathe  acquire  a  ^at  deal  of  brilliancy  by  polishing ;  a  piece  of 
woollen  cloth  is  sufiicient  for  the  operation.  If  turpentine  predomi* 
nates  too  much  in  these  compositions  the  polish  does  not  retun  its 
lustre,  because  the  heat  of  the  hands  is  capable  of  softenbg  the  sur- 
face of  the  varnish,  and  in  this  state  it  readily  tarnishes. 

To  varnish  Dressing  Boxes.^^The  most  of  spirit  of  wine  varnishes 
are  destined  for  coveringpreliminary  preparations,  which  have  a  cer* 
tain  degree  of  lustre.  They  consist  of  cement,  coloured  or  not  co« 
loured,  charged  with  landscapes  and  figures  cut  out  in  paper,  which 
produces  an  effect  under  the  transparent  varnish :  most  of  the  dres- 
siuff  boxes,  and  other  small  articles  of  the  same  kind,  are  covered 
with  this  particular  composition,  w|iich,  in  general,  consists  of 
three  or  four  coatings  of  Spanish  white  pounded  in  water,  and  mixed 
up  with  parchment  glue.  The  first  coating  is  smoothed  with  pum- 
mice-stone,  and  then  polished  with  a  piece  of  new  linen  and  water. 
The  coating  in  this  state  is  fit  to  receive  the  destined  colour,  after  it 
has  been  ground  with  water,  and  mixed  with  parchment  glue  diluted 
with  water.  The  cut  figures  with  which  it  is  to  be  embellished,  are 
then  applied,  and  a  coating  of  gum,  or  fish-glue  is  spread  over  them, 
to  prevent  the  varnish  from  penetrating  to  the  preparation,  and  from 
spoiling  the  figures.  The  operation  is  finished  by  applying  three  or 
four  coatings  of  varnish,  which,  when  dry,  are  polished  with  tripoli 
and  water,  by  means  of  a  piece  of  doth.  A  lustre  is  then  given  to 
the  surface  with  starch  and  a  bit  of  doe*skin,  or  very  soft  cloth. 

Gallipot  Famish.  ' 

12  oz.  gallipot,  or  white  incense, 
5  oz.  white  glass,  pounded, 
2  oz.  Venice  turpentine,  and 
32  oz.  essence  of  turpentine. 
Make  the  varnish  after  the  white  incense  has  been  pounded  with  glass. 

Some  authors  recommend  mastic  or  sandarac  in  the  room  of  galli- 
pot 3  but  the  varnish  is  neither  more  beautiful  nor  more  durable. 
When  the  colour  is  ground  with  the  preceding  varnish,  and  mixed 
up  with  the  latter,  which,  if  too  thick,  is  thinned  with  a  little  es- 
sence, and  which  is  applied  immediately,  and  without  any  sizing,  to 
boxes  and  other  articles,  the  coatings  acquire  sufficient  strength  to 
resist  the  blows  of  a  maUet.  But  if  the  varnish  be  applied  to  a  si^ 
colour,  it  must  be  covered  with  a  varnish  of  the  first  or  second  genus  r 
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MasHe  OalUpai  VimnsKfor  grinding  Collin. 

4  OB.  new  gallipot^  or  white  incensey 
2  ox.  mastic, 
6  02.  VenioB  tttrpentino, 
4  OS.  poBsdedgUM^  and 
32  OS.  easenoe  of  tnrpeotine. 
Wben  the  vaimsh  is  made  with  the  |M>eGaatioD8  already  indicated^ 
add  prepared  ant  oil  or  linaeed  oil  two  oances. 

The  matters  groond  with  this  Tarnish  dry  more  slowly ;  they  are 
then  mixed  up  with  the  following  Tarnish,  if  it  be  for  common  paint- 
ing, or  with  particolar  Tarnishes  destined  for  ooloars  and  for  grooods 
Mmxitmi  ramisk  fir  Giitimg.^ 
1  oz.  of  mastic, 
1  OS.  of  gnm  sandarac, 
4  08.  of  gnm  gattiB, 
\  oz.  of  tmpeotine.  and 
6  oz.  of  essence  of  turpentine. 
Some  artists  who  make  use  of  mordant,  substitnte  for  the  twrpen* 
line  an  oonoe  of  the  essence  of  laTender,  which  renders  Uus  com- 
position still  less  drying. 

In  general,  the  composition  of  mordants  admits  of  modifications, 
according  to  the  kind  of  work  for  which  they  are  destined.  The  i^ 
plication  of  them,  however,  is  confined  chiefly  to  gold.  Wben  it  is 
required  to  fill  op  a  design  with  gold  leaf  on  aoy  ground  whateTcr,  the 
composition  which  is  to  serve  as  the  means  of  union  between  the 
metal  and  the  ground,  ought  to  be  neither  too  thick  nor  too  fluid  ; 
because  both  these  circumstances  are  equally  injurious  to  delicacy  in 
the  strokes ;  it  will  be  requisite  also  that  the  composition  should  not 
dry  till  the  artist  has  completed  his  design. 

Other  Mordants.  No.  1  .—-Some  prepare  their  mordants  wiih  Jew's 
flitch  and  drying  oil  diluted  with  essence  of  torpentina.  They  employ 
it  for  gilding  pale  gold,  or  for  bronzing. 

Other  artists  imitate  the  Chinese,  and  mix  with  their  mordants 
colours  proper  for  assisting  the  tone  which  they  are  desirous  of  giving 
to  the  gold,  such  as  yellow^  red,  &c. 

Others  employ  merely  fat  Tarnish,  to  which  they  add  a  little  red 
oxide  of  lead  (minium). 

Others  make  use  of  thick  glue,  in  which  they  dissolve  a  little 
hooey.  This  is  what  they  call  datture.  When  they  are  desirous  of 
heightening  the  colour  of  the  gold,  they  employ  this  glue,  to  which 
the  gold  leaf  adheres  exceedingly  well. 

No.  2.— -The  qualities  of  the  following  are  fit  for  erery  kind  of  ap- 
plication, and  particularly  to  metals.  Expose  boiled  oil  to  a  strong 
beat  in  a  pan  :  when  a  black  smoke  is  disengaged  from  k,  set  it 
on  fire^  and  extinguish  it  a  few  moments  after  by  putting  on  the 
coTcr  of  the  pan.  Then  pour  the  matter  still  warm,  into  a  heated 
bottle,  and  add  to  it  a  little  essence  of  turpentine.  This  mordant 
dries  Tcry  speedily ;  it  has  body  and  adheres  to,  and  strongly  retaioa, 
goM  leaf,  when  apjdied  to  wood,  metaia,  and  otiwr  aabatancea» 
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Famish  foir  Palet  ami  coarse  IFoodrworki^^Take  any  quaDttty  of 
Ur,  and  grind  it  with  as  nrach  Spanish  brown  aa  it  will  bear«  without 
rendering  it  toe  thick  to  be  nsed  as  a  paint  or  varnish,  and  then 
spread  it  on  the  pales,  or  other  wood,  as  soon  as  convenient^  for  it 
quickly  hardens  by  keefMug. 

This  mixture  mnst  be  laid  on  the  wood  to  be  varnished  by  a  large 
brash,  or  honse  painter's  tool ;  and  the  work  shonld  then  be  kept  as 
free  from  dost  and  insects  as  possible,  till  the  varnish  be  thoroughly 
dry.  It  will,  if  laid  on  smooth  wood,  have  a  very  good  gloss,  and  is  an 
excellent  preservation  of  it  against  moisture ;  on  which  account,  as 
well  as  its  being  cheaper,  it  is  far  preferable  to  painting,  not  only  for 
pales,  but  for  weather-boarding,  and  all  other  kinds  of  wood-work 
for  grosser  purposes.  Where  the  glossy  brown  colour  is  not  liked, 
the  work  may  be  made  of  a  greyish  brown,  by  mixing  a  small  pro- 
portion of  white  lead^  or  whiting  and  ivory  black,  with  the  Spanish 
twown* 

ji  Black  Varnish  for  Old  Straw  or  Chip  Hats. 

i  02.  of  best  black  sealing  wax,  and 
2  oz.  of  rectified  spirit  of  wine. 

Powder  the  sealing-wax,  and  put  it  with  the  spirit  of  wine,  into 
a  four-ounce  phial ;  digest  them  in  a  sand  heat,  or  near  a  fire,  till 
the  wax  is  dissolved  |  lay  it  on  warm  with  a  fine  soft  hair-brush,  be- 
fore a  fire  or  in  the  sun.  it  gives  a  good  stiflfness  to  old  straw  hats, 
and  a  beautiful  gloss,  equal  to  new,  and  resists  wet. 

To  make  Famish  for  coloured  Drawings. 

1  0£.  of  Canada  balsam,  and 

2  02.  of  spirit  of  turpentine. — Mix  them  together. 
Before  this  composition  is  api^ed,  the  drawing  or  print  should  be 

sized  with  a  solution  of  isiugbMS  in  water ;  and  when  dry,  apply 
the  varnish  with  a  camel*B-hair  brush. 

To  make  ydmishfor  Wood,  which  resists  the  action  of  Boiling  Water, 
•—Take  a  pound  and  a  half  of  linseed*oil,  and  boil  it  in  a  red  copper 
Yessel,  not  tinned,  hohling  suspended  over  it,  in  a  snudl  linen  bag,  5 
oz.  of  litharge,  and  3  oz.  of  palveriaed  minium  ;  taking  care  that  the 
bag  does  not  touch  the  bottom  of  the  vessel.  Continue  the  ebullition 
until  the  oil  acquires  a  deep  brown  colour  >  then  take  away  the  bag, 
and  substitute  another  in  its  place,  containing  a  dove  of  garlic ;  ooih 
tinue  the  ebellition,  and  renew  the  dove  of  garlic  seven  or  eight 
times,  or  rather  put  them  ail  in  at  once. 

Then  throw  into  the  vessd  a  pound  of  yellow  amber,  after  having 
melted  it  in  the  following  manner  :— Add  to  the  pound  of  amber, 
well  pulverized,  two  ounces  of  linseed  oil,  and  place  the  whole  on  a 
strong  fire.  When  the  fusion  is  complete,  pour  it  boiling  into  the 
prepared  linseed-oil,  and  continue  to  leave  it  boiling  for  two  or  three 
minutes,  stirring  the  whole  up  well.  It  is  then  left  to  settle ;  the 
composition  is  decantered  and  preserved^  when  it  becomes  cold,  in 
well-corked  bottles. 

^  Afker  polishing  the  wood  on  which  this  varnish  is  to  be  applied, 
give  to  the  wood  the  colour  required  ;  lor  instance,  for  widnut  wood, 
ft  slight  coat  of  a  mixture  of  soot  with  the  essence  of  turpentine. 
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When  thb  ookMnr  is  perfectly  dry,  gire  it  a  otet  of  vtrnish  with  a 
fioe  spongej  io  order  to  spretd  it  very  equal ;  repeat  these  coats 
four  ttmest  tahangcere  always  to  let  tlie  preceding  oeat  be  dried. 

To  Farmsk  Orcmngs  and  Carif-tt'orA .—Boil  some  dear  parchmeot 
cottbgs  in  water*  in  a  glazed  pipkiu^  till  they  prodooe  a  very  dear 
tiie.    Strain  it,  and  keep  it  for  ose. 

Give  the  work  two  ooats  of  the  Bize>  passing  the  brush  qaickly  over 
tha  work,  not  to  distnrb  the  colours, 

Te  prepare  a  Compontum  fir  making  colemed  Draunngt  and 
Prims  resemble  raindngs  in  OIL 

1  o%,  of  Canada  balsam »  and 

2  OB.  of  spirit  of  turpentine.— Mixt  together. 
Before  this  eompoeition  is  applied,  the  drawing  or  print  should  be 

sited  with  a  solution  of  ismglass  in  water,  and  when  dry,  apply  the 
varnish  with  a  camel*hair  brush. 

To  Varmsh  Harps  and  Dulcimers. — ^Prepare  the  work  with  aiae  and 
red  ochre,  then  taike  ochre,  burnt  umber,  and  red  lead,  well  ground, 
and  mix  up  a  dark  brown  ooh>ur  in  turpentine  varnish,  adding  as 
much  oil  of  turpentine  that  the  brush  may  just  be  able  to  pass  over 
the  work  hit  and  even.  While  yet  wet,  take  a  muslin  sieve,  and  sift 
at  much  Dutch  metal,  previously  powdered,  upon  it,  as  is  re^nsile 
to  Moduce  the  effect,  after  which,  varnish  and  polbh  it. 

To  Famish  Glass.^VvXvenzt  a  quantitv  of  gum  adragant,  and  kt 
it  dissolve  for  twenty-four  hours  in  the  white  of  eggs  well  beat  up ; 
then  rub  it  gently  on  the  glass  with  a  brush. 

To  famish  Balloons,  No.  1.— The  compositions  ibr  vaniishing 
balloons  have  been  variously  modified  -,  but,  upon  the  whole,  the 
moat  approved  appears  to  be  the  bird*lime  varnish  of  M.  Fanjaa  St. 
Fond,  prepared  after  M.  CavaUo's  method  as  folbws  :  *'  In  order  to 
render  linseed  oil  drying,  boil  it  with  2  ounces  of  sugar  of  lead,  and  3 
ounces  of  litharge,  tor  every  pint  of  oil,  till  the^r  are  diasdved,  which 
may  be  in  half  an  hour.  Then  put  a  pound  of  bud-lime,  and  half  a 
pint  of  the  drying  oil,  into  an  iron  or  copper  vessel,  whose  capacity 
ahodd  equal  alMUt  a  gallon,  and  let  it  boil  very  gently  over  a  slow 
dutttod  fire,  till  the  bird-lime  ceases  to  crsdde,  whkrh  will  be  in 
about  hslf,  or  three-quarters,  of  an  hour ;  then  pour  upon  it  two 
and  a  half  pints  more  of  the  drving  oil»  and  let  it  boU  about,  an 
hour  longer ;  stirring  it  frequently  with  an  ifon  or  wooden  ^atnla. 
As  the  varnish*  whilst  boiling,  and  especially  when  nearly  ready, 
awells  very  much,  care  should  be  taken  to  remove,  in  those  cases,  the 
pot  from  the  fire,  and  to  replace  it  when  the  varnish  subsides  >  odier- 
wise  it  will  boil  over.  Whilst  the  stuff  is  boiling,  the  operator  ahodd 
oocasiondly  examine  whether  it  has  boiled  enough,  which  ma^  be 
known  by  observing  whether,  when  nibbed  between  two  knives, 
which  are  then  to  be  separated  from  one  another,  the  varnish  forms 
threads  between  them,  as  it  must  then  be  removed  from  the  fire^ 
When  nearly  cool,  add  about  an  equd  quantity  of  oil  of  torpentine. 
In  nsfaiff  the  varnish,  the  stuff  must  be  stretched,  aad  the  varnish  ap- 
plied takewarm.    In  24  hours  it  will  dry/* 


APPfiNOlX.  751 

No.  2.  As  the  elastic  resin,  known  by  the  name  of  Indian  rubber, 
has  been  mncb  extolled  for  a  varnish,  the  following  method  of  making 
it,  as  practised  by  M.  Blanchard,  may  not  prove  unacceptable. — 
'  Dissolve  elastic  gnm,  cut  small^  in  five  times  its  weight  of  rectified 
essential  oil  of  turpentine,  by  keeping  them  some  days  together  : 
then  boil  1  ounce  of  this  solution  in  8  ounces  of  drying  linseed  oil  for 
a  few  minutes  ;  strain  the  solution,  and  use  it  warm. 

To  Famish  Rarefied  Air  Balloons. -^With  regard  to  the  rarefied-air 
machines,  M.  Gavidlo  recommends,  first,  to  soak  the  cloth  in  a  solu- 
tion of  saUammoniac  and  common  size,  using  one  pound  of  each  to 
every  gallon  of  water ;  and  when  the  doth  is  quite  dry,  to  jiaint  it 
over  on  the  inside  with  some  earthy  colour,  and  strong  size  or 
glue.  When  this  paint  has  dried  perfectly,  it  will  then  be  proper  to 
oover  it  with  oily  varnish,  which  might  dry  before  it  could  penetrate 
quite  through  the  doth.  Simple  drving  linseed  oil  will  answer  the 
purpose  as  wdl  as  any,  provided  it  W  not  very  fioid. 

To  Paini  Sail^Cloih,  Bfc,  so  as  to  be  pliant,  durable,  and  impervir- 
oMs  to  Waier.'^Thin  process,  which  is  extracted  from  the  Transaction 
of  the  Society  of  Arts,  Is  now  tmiversally  practised  in  the  public 
dock-yards. 

The  paint  usually  hiid  upon  canvas  hardens  to  such  a  degree  as  to 
crack,  and  eventually  to  break  the  canyas,  which  renders  it  unser- 
viceable in  a  short  time  :  but  the  canvas  punted  in  the  new  manner 
is  so  superior,  that  all  canvas  used  in  the  navy  is  thus  prepared  ',  and 
a  saving  of  a  guinea  is  made  in  eveiy  one  hundred  square  yaids  of 
canvas  so  painted. 

The  old  mode  of  painting  canvas,  was  to  wet  the  canvas,  and 
prime  it  with  Spanish  brown  ;  then  to  give  it  a  second  coat  of  a  cho- 
colate colour,  made  by  mixing  Spanish  brown  and  black  paint :  and^ 
lastly,  to  finish  it  with  black.  .  ... 

The  new  method  is  to  grind  96  lbs.  of  English  ochre  with  boiled 
oil,  and  to  add  16  lbs,  of  black  paint,  which  mixture  forms  an  indif- 
ferent black.  A  pound  of  yellow  soap  dissolved  in  six  pints  of  water 
over  the  fire,  is  mixed,  while  hot,  with  the  paint.  This  compo- 
sition is  then  laid  upon  the  canvas,  (without  being  wetted,  as  in  the 
usual  way,)  as  stiff  as  can  conveniently  be  done  with  the  brush,  so  as 
to  form- a  smooth  surface ;  the  next  day,  or  still  better,  on  the  second 
day,  a  second  coat  of  ochre  and  black  (without  any,  or  but  a  very 
small  portion  of  soap)  is  laid  on,  and  allowing  this  coat  an  interme^ 
diate  day  for  drying,  the  canvas  is  then  finish^  with  black  paint  as 
usual*  Three  days  being  then  allowed  for  it  to  dry  and  harden,  it 
does  not  stick  together  when  taken  down,  and  folded  in  cloths  con- 
taining 60  or  70  yards  eadi  $  and  canvas  finished  entirely  with  th^ 
composition,  leaving  it  to  dry  one  day  between  each  coat,  will  not 
atkk  together,  if  lud  in  quandties. 

It  has  been  ascertained  from  actual  trials,  that  the  solution  of  yel- 
low soap  is  a  preservative  to  red,  yellow,  and  black  paints,  when 
gronnd  in  oil  and  put  into  casks,  as  they  acquire  no  improper  hard- 
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B6M,  and  dry  la  a  reaarkalUe  maaoer  when  laid  oo  with  ibe  bitnfa, 
witbont  the  om  of  the  vival  drying  articles. 

It  is  sarprisiDg  that  the  adoption  of  8oap>  which  is  so  well  known 
to  be  misable  with  oily  substances^  or,  at  least,  the  alkali  of  whkh 
it  is  composed,  has  not  already  been  brought  into  nse  in  the  oompo- 
ittion  01  oil  colours. 

Coloured  CompotUiont  Jw  rendering  Linen  and  doth  impenetrable 
to  Waier.-^-^egiXL  by  washing  the  staff  with  hot  water ;  then  dry  and 
rub  it  between  the  hands  until  such  time  as  it  becomes  perfectly  sup* 
pie;  afterwards  spread  it  out  by  drawing  it  into  a  frame,  and 
give  it,  with  the  aid  of  a  brush,  a  first  coat,  composed  of  a  mixture 
of  eight  quarts  of  boiling  linseed  oil,  15  grammes  of  calcined  amber 
and  acetate  of  lead,  (of  each  7^gramm€$)  to  which  add  9Qgrmimes 
of  lamp-black.  For  the  second  coat  use  the  same  ingre£ents  as 
above,  except  the  calx  of  lead.  This  coat  will  ffive  a  few  hours,  ac- 
cording to  the  season ;  afterwards  take  a  dry  plasterer's  bmsh,  and 
rub  the  stuff  strongly  with  it,  when  the  hair  by  this  operation  will 
become  very  smooth.  The  third  and  last  coat  will  give  a  perfect  and 
durable  jet  black. 

Or  rather  take  12  quarts  of  boiling  linseed  oil,  30  gramwus  of  am- 
ber, 15  grammes  of  acetate  of  leadj  7^  sulphate  of  zinc,  15  Pmssian 
blue,  and  7\  verdigris  ;  mix.  them  very  fine  with  a  little  oil,  and  add 
120  grammes  oflMDp*black.  These  coats  are  used  at  discretion^  as 
is  done  with  painting. 

To  Tkieken  Linen  Cloth  for  Screens  and  Bed  Testers. — Grind  whi- 
ting with  zinc,  and  to  preyent  cracking,  add  a  little  honey  to  it  ; 
th^  take  a  soft  brush,  and  lay  it  upon  the  cloth,  aad  so  do  two  or 
three  tames,  suffering  it  the  mean  while  to  dry  between  layings  on, 
and  for  the  last  laving,  smooth  it  over  with  Spanish  white,  ground 
with  linseed  oil,  the  oil  being  first  heated,  and  mixed  with  a  small 
quantity  of  the  litharge  of  gold,  the  better  to  endure  the  weather, 
and  so  it  will  be  lasting. 

CiounROff  U>^aXf  or  Varnished  Cloth.'^The  manufacture  of  this  kind 
of  doth  is  very  simple.  The  cloth  aad  linseed  oil  are  the  principal 
artides  required  for  the  establishment.  Common  canvas,  of  an  open 
and  coarse  texture,  is  extended  on  large  frames,  placed  under  sheds, 
the  sides  of  which  are  open,  so  as  to  afford  a  free  passage  to  the  ex- 
teraal  air.  llie  manner  in  which  the  doth  is  fastened  to  these  liramei 
is  as  follows  :  it  is  fixed  to  each  side  of  the  frame  by  hooks  which 
catch  the  edge  of  the  doth,  and  by  pieces  of  strong  packthread  pass- 
ing through  holes  at  the  other  extremity  of  the  hooks,  which  are  tied 
round  moveable  pegs  placed  in  the  lover  edge  of  the  frame.  Hie  me- 
chanism by  whum  Uie  strings  of  a  violin  are  stretched  or  unatretched, 
will  p[ive  some  idea  of  the  arrangeneat  of  the  pegs  employed  for  ex- 
tending the  doth  in  this  apparatus.  By  theee  means  the  doth  can 
be  easily  stretched  or  relaxed,  when  the  oUy  varnish  has  exerdsed  an 
action  on  its  texture  in  the  course  of  the  opevatiea.  The  whole  being 
thus  arranged,  a  liquid  paste  made  mkik  drying  oil^     "  ' 


„    _      .  which  maybe 
varied  at  pieasnrej  is  applied  to  die  doth. 
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To  make  IJauid  Posh  wiih  Drying  Oil, — Biix  Spaniab  white  or 
tobacco-pipe  aaj,  or  any  other  argilboeous  matter,  with  water,  and 
leave  it  at  rest  some  hours,  which  will  be  snffident  to  separate  the 
argillaceoos  parts,  aod  to  prodoce  a  sediment.  Stir  the  sediment  with 
a  broom,  to  complete  the  division  of  the  earth  -,  and  after  it  has 
rested  some  seconds,  decant  the  turbid  water  into  an  earthen  or 
wooden  vessel.  By  this  process  the  earth  will  be  separated  from  the 
sand  and  other  foreign  bodies,  which  are  precipitated,  and  which 
must  be  thrown  away.  If  the  earth  has  been  washed  by  the  same 
process,  on  a  large  scale,  it  is  divided  by  kneading  it.  The  super* 
natant  water  is  thrown  aside,  and  the  sediment  plfu:ed,  in  sieves^  on 
pieces  of  cloth,  where  it  is  suffered  to  drain:  it  is  then  mixed  up  with 
oil  rendered  drying  by  a  large  dose  of  litharge,  that  is  about  a  fourth 
of  the  weight  of  the  oil.  The  consistence  of  thin  paste  being  given 
to  the  mixture,  it  is  spread  over  the  cloth  by  means  of  an  iron  spain- 
la,  the  length  of  which  is  equal  to  that  of  the  breadth  of  the  ciotiK 
This  spatula  performs  the  part  of  a  knife,  and  pushes  forward  the 
excess  of  matter  above  the  quantity  sufficient  to  cover  the  cloth* 
When,  the  first  stratum  is  dry,  a  second  is  applied,  llie  inequalities 
produced  by  the  coarseness  of  the  cloth,  or  by  an  unequal  extension 
of  the  paste,  are  smoothed  down  with  pumice-stone.  The  pumice* 
atone  is  reduced  to  powder,  and  rubbed  over  the  doth  with  a  pteee  of 
soft  serge  or  cork  dipped  in  water.  The  doth  must  then  be  well 
washed  in  water  to  dean  it  -,  and  after  it  is  dried,  a  varnish  of  gum 
lac  dissolved  in  linseed  oil  boiled  with  turpentine,  is  to  be  applied 
to  it. 

This,  preparation,  produces  yellowish  varnished  doth.  When 
wanted  black,  mix  lamp-black  with  the  Spanish  wlute,  or  tobacco- 
pipe  day,  which  forms  the  basis  of  the'liquid  paste.  Various  shades 
of  ftey  may  be  obtained,  according  to  the  quantity  of  .lamp-black 
which  is  added.  Umber,  Cologne  earth,  and  different  ochry  argilla- 
ceoua  earths,  may  be  used  to  vary  the  tints,  without  causing  any 
addition  to  the  expense. 

To  prepare  Jine  Printed  Famished  C/o/Ai.-^The  process  just  de- 
scribed for  manufacturing  common  varnished  and  polished  doths, 
may  serve  to  give  some  idea  of  that  employed  for  making  fine  doths 
of  the  same  kind,  decorated  with  a  coloured  impression.  The  mann« 
factories  qf  Germany  have  varnished  doths  embellished  with  large 
and  small  subjects,  figures,  and  landscapes,  well  executed,  and  wfaidi 
are  destined  for  covering  fornitnre  subjected  to  daily  use. 

This  process,  which  is  only  an  improvement  of  the  former,  requires 
a  finer  paste,  and  cloth  of  a  more  ddicate  texture.  The  stratum  of 
paste  IS  applied  in  the  same  manner,  and  when  dry  and  polished,  the 
doth  is  taken  from  the  frame  and  removed  to  the  painter's  table, 
where  the  art  of  the  oolourist  and  designer  is  displayed  under  » 
thousand  forms  ;  and,  as  in  that  of  printed  cottons,  exhibits  a  rich- 
ness of  tinttf,  and  a  distribution  of  subjects,  whicli  discover  taste^ 
and  ensure  a  ready  sale  for  the  articlei  nanu£aetured. 

The  processes,  however,  employed  in  these  two  aits  to  extract  thf 
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cdlonif  parti  aie  not  Ike  tame.  Im  tiie  ait  <tf  cotton  printing  tlie 
noloon  am  cstiactod  bf  the  bath,  as  in  that  of  dyeing.  In  printii^ 
Tarnished  cloths*  the  ooloving  parts  are  the  result  of  the  union  A 
dryinc  oil  mixed  with  varnish  ^  and  the  different  oolonrs  emptoyed  in 
^painting or  pnintbg in  varnish. 

The  Tarnish  applied  to  common  oil  doth  is  composed  of  gnm  lac 
and  drying  linseed  oil  j  bat  that  destined  for  printed  varnished  doths 
leqmres  some  choice,  both  in  regard  to  the  oil  and  the  resinons  matter 
which  gives  it  consistence.  Prepared  oil  of  pinlcs  and  copal  form  a 
Tarnish  very  little  coloured,  pliable,  and  solid. 

To  prepare  FamUked  &lk.  No.  1.— Varnished  silk,  for  making 
nabrdlas,  capots,  coverings  for  bats,  &c.  is  prepared  in  the  same 
manner  as  the  varnished  and  polished  doths  already  described,  bat 
with  some  variation  in  the  liqmd  paste  or  varnish. 

If  the  muhob  of  the  silk  be  pretty  lafge,  it  is  made  fast  to  a 
wooden  frame  fiumished  with  hooka  and  moveable  pegs,  snch  as  that 
nsed  in  the  mann£actnre  of  common  varnished  doths.  A  soft  paste, 
oompoaed  of  lioseed  oil,  boiled  with  a  fourth  part  of  litharge ;  to* 
hncco^pipe  day,  dried  and  sifted  through  a  silk  8ieTe»  16  parts ; 
lithaige  ground  en  porphyry  with  water,  dried  and  aifted  in  the  i 


manner,  3  parts }  md  lami^blacfc,  1  part*  This  paate  iathen  spread 
in  an  uniform  manner  ever  the  surface  6(  the  silk,  by  means  of  a 
kag  knife,  baring  a  handle  at  each  extremity.  In  summer,  twenty* 
lour  hours  are  sullident  for  its  desieeation.  When  dry,  the  knslts 
prodnoed  by  the  inequalities  of  the  silk  are  aasoothed  widi  pumice* 
stoue.  This  operation  is  performed  with  water,  and  when  finished, 
the  iorfaoe  of  the  silk  is  washed,  k  is  then  snfiiBred  to  dry,  and  flat 
copd  vamisb  is  applied. 

If  it  be  intended  to  poli^  tlMU  vamid»,  apply  a  second  slintnm  j 
after  whkk  polish  it  with  a.  ball  of  doth  and  very  kat  tripolL  The 
varnished  silk  thus  made,  is  very  bbck,  exceedingly  pliable,  and  has  a 
fine  polish.  It  may  be  rumpled  a  thousand  ways  without  retaining 
any  fold,  or  even  the  mark  of  one.  It  is  light,  and  thereby  proper 
for  coverings  to  hats,  and  for  making  doaks  and  caps  so  useful  to 
travdlers  in  wet  weather. 

No^  2.— A  kind  of  varnished  rilk,  wluch  hss  only  a  yellowish 
cobur,  and  which  suffers  the  texture  of  the  stuff  to  appear,  is  pre* 
pared  with  a  mature  of  3  parts  boiled  oil  of  piaks,  and  1  part  of  &t 
copal  uarnish,  which  is  extended  with  a  coarse  brush  or  a  knife.  Two 
strata  are  suftdent  when  oil  has  been  freed  from  its  greasy  partides 
over  a  slow  fire,  or  when  boiled  with  a  fourth  part  of  its  wdght  of 
litharge. 

The  inequalities  are  removed  by  pumice-stone  and  water;  after 
which  the  copaJ  varnish  ia  applied.  This  simple  operation  gires  to 
white  silk  a  ydlow  colonr,  which  arises  from  tbe^  boiled  oil  and  the 
varnish. 

This  varnished  silk  peasesses  all  those  qualities  ascribed  to  certain 
preparations  of  nXk  which  are  recommended  to  be  worn  as  jadceta  by 
persons  snl^ect  to  rheumatism. 
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To  recover  f%(nf»A;-^€1ear  offlke  fiMi.  wM  a  ley  HAdb  of  ftotaali, 
and  the  asfaes  of  the  leev  of  wide  *,  Aen  take  48  ovnces  of  potash, 
and  16  of  the  aboTe-mentioiied  ashes,  and  pal  tben  into  6  quarts  of 
water,  and  this  completes  the  lev. 

To  polish  FonmA.— 'This  »  effected  wUh  yosice-stoiie  aad  Tripoli 
earth.  The  pmnice-stooe  nittst  be  redoeed  to  an  impalpable  powdier, 
and  pat  opoa  a  piece  of  serge  molsteaed  widi  watar  |  whb  this  rn^ 
lightly  and  eqoally  the  ▼STBished  sabotaoes*  The  tripoli  most  also*, 
be  redaced  to  a  Tcry  Aoe  powder,  aad  pot  vmn  u  daaa  wooUea  cloth, 
moistened  witb  oHva  mV,  wilft  whidi  the  poiishing  is  to  be  performed. 
The  varnish  is  then  to  be  wiped  off  with  soft  Imd,  and  when  qaite 
dry,  deaned  with  starch  or  ^Mmiih  whife^  and  rdbbed  with  the  palm 
of  the  band. 


ANTI-ATTRITION. 

To  prepare  ^nlf-^Z/rt/ioa.— According  to  the  specification  of  the 
patent,  this  mixture  consists  of  one  hundred  weigt^t  of  plumbago,  to 
four  hoodred  weight  of  hog's-lard,  or  other  grease;  the  two  to  be 
well  incorporated.  The  application  is  to  prevent  the  effects  of  fric* 
tion  in  all  descriptions  of  cfngines  or  machines;  and  a  safficient 
qaantity  moat  be  rabbed  over  the  snrfiice  of  the  axle,  spindle^  oK 
other  part  where  the  bearing  is. 


ASSAYING  OP  METALLIC  ORES. 

Before  metallic  onefs  are  woriced  npe»  in  the  lai|^  way,  it  will  be 
necessary  to  enqninr  what  sort  ol  miHal,.  and  what  portion  of  it,  la 
to  be  found  in  a  determined  quantity  of  the  ore  ;  to  discover  whether 
it  will  be  worth  wli^le  to  extract  it  largely,  and  in  what  manner  tlie 
process  is  to  be  oondoeled,  so  as  to  answer  that  purpose.  The  know- 
ledge requisite  for  this,  is  cdled  the  art  ef  assaying. 

jitsay  of  Oree  in  ike  Dry  Way* — ^The  assaying  of  ores  may  be  per- 
formed either  in  the  dry  or  moist  way ;  the  nrst  is  the  nK)st  aacient* 
and,  in  many  respects,  the  most  advantageous,  and  consequently  still 
continues  to  be  mostly  used. 

Assays  are  made  either  in  cracibles  with  the  blast  of  the  bellows, 
or  in  tests  under  a  nraffle. 

Jssay  I^^AlJ.— The  assay  wdghts  are  always  imaginary,  some- 
times an  ounce  represents  an  hundred  weight  on  the  large  scale,  and 
is  subdivided  into  the  same  number  of  ports,  as  that  hundred  weight 
is  in  the  great ;  so  that  tlie  contents  of  the  ore  obtained  by  the  as- 
say, shall  aecorately  determine  by  soch  relative  proportion,  the  qnan* 
tity  to  be  expected  from  any  woght  of  the  ore  on  a  larger  scale. 

Boasiimg  the  Ore.— In  the  lotting  of  the  ores^care  should  be  taken 
to  have  email  portions  feomdiiGmnt  sperinensy  wkkhshoaU  be  peU 
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i«riied,  and  wdl  mixed  m  an  iron  or  brui  mortar.  The  proper 
qaantity  of  the  ore  is  now  takeot  and  if  it  oontainetther  tnlplmr or 
arsenic^  it  is  pat  into  a  cmcible  or  teat,  and  exposed  to  a  moderate 
degree  of  heat,  till  no  vaponr  arises  from  it ;  to  asaist  this  volatiliza- 
tion, some  add  a  small  qaantity  of  powdered  charcoal. 

Fluxes.  To  assist  the  fusion  of  the  ores,  and  to  convert  the  ex- 
traneons  matters  connected  with  them  into  scoria,  assayers  use  dif- 
ferent kinds  of  flaxes.  The  most  nsnal  and  efficacioos  materials  for 
the  composition  of  these  are,  borax,  tartar,  nitre,  sal  ammoniac, 
common  salt,  giaas,  flnor^spar,  charcoal  powder,  pitdi,  lime,  lithaige, 
&c.  in  diflTerent  proportions. 

Crude  of  fHiUe  Flux.—Ttia  consists  of  1  part  of  nitre,  and  2  of 
tartar,  well  mixed  together. 

Black  Fiux.'^The  above  erode  flax  detonates  by  means  of  Inodled 
charcoal,  and  if  the  detonation  be  eflected  in  a  mortar  slightlv  covered, 
the  smoke  that  rises  unites  with  the  alkalised  nitre  and  uie  tartar, 
and  renders  it  black. 
.  Camish  Reducing  Fiux. 

10  oz.  of  tartar, 

3  oa.  and  6  drachms  of  nitre,  and 
3  oz.  and  1  drachm  of  borax««— Mixt  well  together. 
Cornish  I^fining  /Tcur.— Deflagrate,  and  afterwards  pulverize,  2 
parts  of  nitre,  andl  part  of  tartar. 

The  above  flaxes  answer  the  purpose  very  well*  provided  the  ores 
be  deprived  of  all  their  snlphnr  ;  or»  if  thev  contain  n^uch  earthy  mat- 
ters, because,  in  the  latter  case,  they  noite  with  them,  and  convert 
them  into  a  thin  glass :  but  if  any  quantity  of  sulphur  remain,  these 
fluxes  unite  with  it.  and  form  a  liver  of  sulphur,  which  has  the  power 
of  destroying  a  portion  of  all  the  metals ;  consequently,  the  assay 
under  such  circamstances  must  be  very  inaccurate.  The  principal 
difficulty  in  assaying  appears  to  be  in  the  appropriation  of  the  pro- 
per fluxes  to  each  particular  ore,  and  it  likewise  appears,  that  such  a 
discriminating  knowledge  can  only  be  acquired  from  an  extensive 
practice,  or  from  a  knowledge  of  the  chemical  aflinities  and  ac- 
tions of  different  bodies  upon  each  other. 

In  assaying,  we  are  at  liberty  to  use  the  most  expensive  materials 
to  effect  our  purpose,  hence,  the  use  of  different  saline  flnxes  $  but  in 
the  working  at  large,  such  expensive  means  cannot  be  applied ;  as  by 
such  processes  the  inferior  metals  would  be  too  much  enhanced  in 
value,  especially  in  working  very  poor  ores.  In  consequence  of 
which,  in  smelting  works,  wbiere  the  object  is  the  production  of  metals 
in  the  great  way,  cheaper  additions  are  used ;  such  as  lime-stone, 
feldt-spar,  fluor-spar,  quartz,  sand,  slate,  and  slags.  These  are  to 
be  chosen  according  to  the  different  views  of  the  operator,  and  the 
nature  of  the  ores.  Thus  iron  ores,  on  account  of  the  argillaceous 
earth  they  eontaio*  require  cakareoos  additions,  and  the  copper  ores, 
rather  slags  or  vitresoent  stones,  than  calcareous  earth. 

humid  Assay  of  MetalUc  Oref.«— >The  mode  of  assaying  ores  for 
their  particular  metab  by  the  dry  way,  is  delkient  so  Car  as  relates  la 
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^inilbg  evA  the  dHferent  Bubttanoes  connected  with  them,  becanae 
they  are  always  destroyed  by  the  process  for  obtaining  the  assay 
metal.  Theas^ay  by  the  moist  way  is  more  correct,  becanae  the  di^ 
Terent  snbstances  can  be  accnrately  ascertained.  The  late  celebrated 
Bergman  first  coramnnicated  this  method.  It  dependa  npon  a 
knowledge  of  the  chemical  affinities  of  different  bodies  for  each 
other ;  and  mnst  be  varied  according  to  the  natnre  of  the  ore ;  it  ia 
very  extensive  in  its  application,  and  reqnires  great  patience  and  ad* 
dress  in  its  execntion.  To  describe  the  treatment  of  each  variety  of 
metallie  ores,  wonid  take  np  too  mnch  of  ovr  room  $  bnt  to  give  a 
general  idea,  we  shall  describe  the  procednre,  both  in  the  dry  ami  the 
hnmid  way»  on  one  species  of  all  the  different  ores. 

To  Assay  Iron  Ores*  No.  1  .—The  ore  mnst  be  roasted  till  the 
vaponr  ceases  to  arise.  Take  2  assay  quintals  of  it,  and  tritnrata 
them  with  one  of  flnor-spar,  i  of  a  quintal  of  powdered  charcoal, 
and  4  quintals  of  decrepitated  sea  salt ;  this  mixture  is  to  be  pnt 
into  a  crucible,  lined  on  the  inside  with  day  and  powdered  charcoal ; 
a  cover  most  be  luted  upon  the  crucible,  and  the  cmdble  itself  ex* 
tosed  to  a  violent  fire  for  an  hour,  and  when  it  is  cool,  broken* 
when,  if  the  operation  has  been  well  conducted,  the  iron  will  be  found 
at  the  bottom  of  the  cmdble;  to  which  mnst  be  added  those  metal* 
lie  partides,  which  may  adhere  to  the  scoria.  Tlie  metallic  particlee 
so  adhering  may  be  separated,  by  pulverising  it  in  paper,  and  then 
attracting  them  with  a  magnet. 

No.  2. — If  the  ore  should  be  in  a  caldform  state,  mixed  with 
earths,  the  roasting  of  it  previous  to  assaying,  if  not  detrimental,  is 
at  least  superfluous  ;  if  the  earths  should  be  of  the  argillaceous  and 
siliceous  kind,  to  half  a  quintal  of  them,  add  of  dry  quick  lime  and 
fluor-spar  of  each  I  quintal  and  ^f  reduced  to  powder,  and  mix  them 
with  I  of  a  quintal  of  powdered  charcoal,  covering  the  whole  with 
one  ounce  of  decrepitated  common  salt ;  and  expose  the  luted  cruci- 
ble to  a  strong  forge  fire  for  an  hour  and  a  quarter,  then  let  it  gradu^ 
ally  cool,  and  let  the  regulus  be  struck  off  and  weighed. 
^  No.  d« — If  the'ore  contain  odcareous  earth,  there  will  be  no  occap 
sion  to  add  quick  lime ;  the  proportion  of  the  ingredients  may  be  as 
follows :— vie.  1  assay  quintal  of  the  ore ;  1  of  decrepitated  sea- 
salt  ;  I  of  powdered  charcoal  |  and  1  of  flnor-spar»  and  the  process 
conducted  as  above. 

There  is  a  great  diflbrenoe  in  the  reguli  of  iron  j  when  the  cold 
regulus  is  struck  with  a  hammer  and  breaks,  the  iron  is  called  cold 
short :  if  It  break  on  bdng  struck  red-hot,  .it  is  called  red  short ; 
but  if  it  resist  the  hammer,  both  in  its  oold  and  ignited  state,  it  is 
£Ood  iron. 

Humid  Assay  of  Iron  Ore.— To  assay  the  caldform  ores,  which  do 
not  contain  much  earthy  or  stony  matter,  they  mnst  be  reduced  to  a 
fine  powder,  and  dissolved  in  the  marine  add.  and  predpitated  by 
the  Prussian  alkalL  A  determinate  quantity^  the  Prussian  aikau 
must  be  tried  previously,  to  asoertaiB  the  portion  of  iron  which  it 
will  predpitate,  and  tJio  estimate  made  aceerdiagly.   if  the  iron 
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coataiB  aar  catM0tM&  portion  of  Mie or  wmgiiiiM,  tfeffiiM^ 
tste  must  becalGiaod  to  rodactt,  and  the  calx  tieatod  with  dephlo* 


{[isticated  aitniiis  acid»  whieh  witl  Aeo  take  «p  only  the  calx  of 
■iiic ;  wheo  tkia  is  aqiaraled,  tlie  calx  abopld  again  be  treated  either 
with  oHrena  add,  with  the  edditioa  of  sii|pu',  or  with  the  acetoiu 
odd,  which  will  dtaadve  the  wengaaeiiey  if  eey  $  the  renaining  calx 
ef  iron  aay  then  he  dtsaolired  by  the  Barine  addl»  and  predpitated 
by  the  mineral  allodi  $  or  it  niaybekrthercaldAed»aiid  then  wdghed« 

2mc  Oref.-^Teke  the  aaeay  weight  of  roanted  ore,  and  mix  it 
well  with  I  part  ef  fherme]  daat,  pot  it  Into  a  ationg  kited  earthen 
vetoft,  to  which  tDoat  be  fitted  a  reoeker  $  plaoe  the  retoit  ia  a  far- 
nace,  and  raise  the  fine,  and  oontnne  it  in  a  violent  heat  for  two 
iMinri,  snAr  it  then  to  eool  giwiaally«  end  tbo  dnc  will  he  fonnd  ad* 
hering  Co  the  neck  of  the  resort  in  iti  nMteilic  fares. 

/«  iJU  hmmd  tiwy  .-i^Distil  TitrioKc  add  over  eaiaeiioe  to  dryness  % 
Iho  resiihinai  nuut  be  lifldiriated  in  hot  water  ;  what  renaiaa  oDdia- 
aaifod  is  sHieeoas  eartii  %  to  the  folotioa  add  eanetic  volatile  alkali, 
which  predpitatee  the  Iron  luid  angil,  hot  keeps  th^  sine  in  solotion. 
The  precipitate  rnist  be  re*dissehred  in  vUrioUp  ecid,  and  the  iron 
end  argil  Heparated. 

Tin  Or^f.'-i-lfix  aqdntal  ef  tin  ofCj  previonsly  washed,  polveris- 
•d,  and  rooHted,  till  no  Anenical  vaponr  arises,  with  half  a  qaintal  oc 
ealdaed  boras,  fod  theaanie  qnantity  of  pnlverised  pitch  5  these  are 
to  be  pat  into  a  cnidble  moistened  with  charooaUdnst  and  water, 
and  the  crucible  placed  in  an  air  lismace.  After  the  pitch  ie  burnt, 
give  a  violent  heat  for  a  qnarter  of  an  hoar,  and  on  withdrawing  the 
cmciUe,  the  regains  will  be  fonnd  at  the  bottom.  If  the  ore  be  not 
well  washed  from  earthy  matters,  a  larger  quantity  of  borax  will  be 
reqaidte,  with  some  powdered  glaas;  and  if  the  ore  contain  iron, 
ee»c  alkaline  salt  may  be  added. 

In  the  humid  way^-^Ths  essay  of  tin  ores  m  the  liquid  way,  waa 
lodked  npon  as  ioiprsctieabk,  tUl  Bergma  devised  the  following 
method,  which  is  generally  auncesaihl.  J>t  the  tin  ore  be  well  sepa* 
nted  from  iu  atony  matrix,  by  well  washing,  and  then  reduced  to 
the  mpst  fiibtle  powder ;  digest.it  inoeneBatrated  ofl  of  vitriol,  in  a 
etiong  heat  for  several  hours,  then,  when  cooled,  add  a  ««iudl  portion 
of  concentrated  marine  mod,  and  suffer  it  to  stand  for  an  hour  or  two  ; 
then  add  water,  and  when  the  solution  is  dear,  poor  i|  off,  and  pre* 
dpkateit  bvixed  dkadi-P^ldl  grainf  of  thie  predpitate,  well  waah- 
ed  aad  dried,  ase  equivalent  to  100  ef  tin  in  its  ragolino  slate,  if  the 
predpiute  eonaiet  of  pure  tini  but  if  it  contain  copper  or  i|t>i|,  it  must 
he  caldned  hi «  md  heat  &r  an  howt,  and  then  ^gfsted  in  nilToaa 
add,  which  will  take  up  the  copper ;  and  afterwards  in  marine  acid« 
which  will  separate  the  irao. 

Liod  OrsTv^As  moat  of  the  feed  ores  oantaia  dthor  aalphnr  or 
orsenic,  they  require  to  be  well  roeatcd,    Tqfce  a  qpioMd  of  roasted 


ore,  with  the  uma  quaaftily  of  cakaaied  borsK,  hulf  nqdntal  of  hue 
powdered  glass,  a  qnaater  ef  a qnwtal  of  pilah»M4  aa  m^^  dei^ 
im  Mings.    Vse  the  orvihk  with  waltid  cbMXiil  dttH,  fnd  p«l 
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ilie  ttittara  btt>  tb$  mdfale,  and  plaoe  U  before  tke  belkva  ef  m 
forge-fire.  When  it  is  red  hot,  raise  the  fire  for  15  or  20  nunotes 
•Ato  withdraw  tiie  ehuAhlot  and  break  it  when  cold. 

In  Me  /ia«fcf  ff^^«— Diatdve  the  ore  by  boiling  it  in  dilate  nitrona 
acid ;  the  anlphnr,  insolnble  atony  parta^  and  calx  of  iron  will  reauiia. 
The  iren  may  be  aepaiated  by  digestion,  ia  the  marine  add,  and  the 
anlphnr  by  disestion,  in  caustic  fixed  alkali.  The  nitrous  solution 
oontaina  tbtb  lead  and  silver^  which  should  be  pred^tated  by  the 
mineral  fixed  alkafi,  and  the  precipitate  well  washed  in  cold  watcr> 
dried,  and  weighed.  Digest  it  in  caustic  volatile  alkali,  which  wiM 
take  up  the  odx  of  ailver^  the  residuum  bebg  agiun  dried  and 
weig^ied,  gives  the  proportion  of  the  calx  of  lead,  132  grains  of 
which  are  equal  to  100  of  lead  in  its  metallic  state.  The  differ- 
ence of  weight  of  the  precipitate  before  and  alter  the  application 
of  the  Tcdat^e  alkali,  gives  the  quantity  of  silver,  129  grains  of  which 
are  equal  to  100  of  silver  in  its  metallic  atate. 

Copper  Oresj^-Ttike  an  exact  troy  ounce  of  the  ore,  previously  pul- 
verized, and  calcine  it  well  >  stir  it  all  the  time  with  an  iron  rod, 
without  removing  it  from  the  crudble  ;  after  the  calcination  add  an 
equal  quantity  of  borax,  half  the  quantity  of  fusible  glaas,  one-fourth 
the  quantity  of  pitch,  and  a  little  diarcoal^ust ;  rub  the  mner  sur- 
£ioe  of  the  crucible,  with  a  paste  composed  of  cliarcoaUdnst,  a  little 
fine  powdered  day  and  water.  Cover  the  mass  with  common  salt, 
and  put  a  lid  on  the  cmdble,  which  is  to  be  placed  in  a  furnace  :  the 
fire  IS  to  be  raised  gradually*  till  it  burns  briskly,  and  the  crucible  con- 
tinued m  it  for  hdf  an  hour,  stirring  the  metal  freqnentiy  with  an 
iron  rod,  and  when  the  scoria  which  adheres  to  the  rod  appears 
dear,  then  the  crudble  nmat  be  taken  out,  and  suffered  to  cool ;  after 
which  it  must  be  broken,  and  the  regulns  s^nrated  and  weighed  $ 
this  is  called  black  copper,  to  refine  whidi,  equal  parts  of  common 
salt  and  nitre  are.  to  be  well  mixed  together.  The  black  copper  ia 
bfought  into  fusion,  and  a  tea-spoonful  of  the  flux  is  thrown  upon 
it,  whick  is  repeated  three  or  four  times,  when  the  metal  is  poured 
into  an  ingot  mould,  and  the  imtton  is  found  to  be  fine  copper. 

In  ike  AttflRtif  fcwy.— -Make  a  solution  of  vitreous  copper  ore,  in 
5' times  its  wdght  of  concentreted  vitriolic  acid,  and  boil  it  to  drv- 
ness ;  add  as  much  water  as  will  dissolve  the  vitriol  thus  formed  $ 
to  this  solution  add  a  dean  bar  of  iron  whidi  will  predpitate  the 
whole  of  the  copper  in  its  metallic  form.  If  the  solution  be  conti^ 
aunated  with  iron,  the  copper  must  be  re-dissolved  in  the  same  man- 
ner, and  predpitiUed  again*  The  sulphur  may  be  separated  by  fit 
trstioB.  ' 

&smuth  Oresj^U  the  ore  be  mineralized  by  sulphur,  or  sulphur 
and  iron,  a  previous  roasting  will  be  necessary.  The  strong  ores  re- 
quire no  roasting,  but  only  to  be  reduced  to  a  fine  powder.  Thkm 
tiie  assay  weight  and  mix  it  with  half  the  quantity  of  cakincd  bep^ 
xax,  and  the  aame  of  poanded  glass ;  line  the  crudble  with  ehareoal  i 
iMlt  itaa  qniekly  as  poasiblef  a*d  when  well  done^  takeout  the  cnK 
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h  UuHmmid  MM^^BiMrath  k  tMilyaohble  in  aitnw  add  or 
•^■.resim.  !«■  ulatiM  i«  colMiiaM,  nd  is  piwipitabie  by  tte  mI. 
ditHm  of  pute  water;   1 18  graiu  of  the  pncipitete  from  niuoM  add 


ivdl washed  Mid  dried,  arccfiMl to  100  of  bioMth  in  ksB^aliie 
Ibmi. 


Aniimomal  Orts^^TAB  a  commoii  crndUe,  bora  a  naniwr  of 
Mudl  bolcihi  theboltoa,  and]ilaoe  it  in  aaother  cradble  a  riae 
eaaUer,  lating  them  weU  together^  thaa  pot  the  proper  qvaality  of 
orein  fBiall  loaps  into  the  vpper  crncibie,  and  lule  thenon  aomr- 
phMX  theie  vesseU  oo  a  hearth,  and  tanmnd  theai  with  stones  aboot 
six  inches  distant  horn  thea ;  the  inlennediate  space  mast  be  lyjed 
with  ashes,  so  that  the  andemost  cradble  may  be  covered  with  than  • 
bat  upon  the  upper  charcoal  most  be  hdd,  and  the  whole  made  red 
hot  by  the  assistance  of  hand^bellows.  The  antimony  beimr  of  easy 
(osion  is  separated,  and  mns  through  the  holes  of  the  mmr  vessd 
into  the  iafericH:  one,  where  it  is  collected. 

Humid  M$ay  of  Aueniaied  j^ikmmy. ^Ua9ohe  the  ore  in  aqva- 
fegia,  both  the  rmlos  and  arsenic  remaia  in  the  solution,  the  sol- 
phnr  is  separated  by  filtration.  If  the  sobtion  be  boiled  with  twice 
tU  weight  of  strong  nitrons  add,  the  regofais  of  antbnony  will  be 
precif^toted,  and  the  arsenic  converted  into  an  add,  which  may  be 
obtained  by  evaporation  to  dryness. 

Mangaaete  Or*.— The  regahu  is  obtained  by  mixing  the  calx  or 
«e  oi  msngaaese  with  pitch,  maUog  it  into  a  baU,  and  potting  it  into 
a  crocible,  lined  with  powdered  charooal,  l-lOth  of  an  inch  on  the 
aides,  and  i  of  an  inch  at  bottom,  then  fil^  the  empty  space  with 
charooal  dost,  covering  the  crndble  with  aaother  inverted  and  hited 
on,  and  exposing  it  to  the  strongest  heatol  a  form  for  an  hoar  or 
more. 

/a  ike  Humid  ^JF^y^The  ores  shonld  be  first  well  roasted  to  de- 
phlogisticate  the  calx  of  manganese  and  iron,  if  any,  and  then  treated 
with  Ditroos  acid  to  dissolve  the  earths.  The  residnom  ahooh^  now 
be  treated  with  nitrons  add  and  si^,  by  which  means  a  coloariess 
«olotioD  of  manganese  will  be  obuined,  and  likewise  of  the  iron  if 
any.  Predpitate  with  the  Prassian  alkali,  and  digest  the  predpitale 
inparewsteri  the  prossiate  of  manganese  will  be  dissdied  a^ilst 
-the  prussiate  of  iron  will  remain  ondissolved.  ' 

J^^^^^  Orei.-Jhis  assay  is  made  by  sublimation  in  dose  ves- 
-sels.  Beat  the  ore  into  small  pieces,  and  pat  them  into  a  matrass 
which  place  in  a  sand-pot,  with  a  proper  degree  of  heat  ,•  the  areeaic 
sablimes  id  this  operation,  and  adheres  to  the  upper  part  of  the  ves- 
<d  ;  when  it  mast  be  carefully  collected  with  a  view  to  ascertain  ita 
wdght.  Sometimes  a  siDgle  soblimatbn  wiU  not  be  aniident,  for 
ihe  arsenic  ID  many  cases  will  melt  with  the  ore,  and  prevent  ita 
total  volatilization  j  in  which  case  it  is  better  to  perform  the  ^m 
anUimation  with  a  moderate  heat,  and  afterwwdi  braise  the. f». 
WAinder  again,  and  expose  it  to  a  stroufsr  heat. 
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'  Atth0H»nMfruf,^'^-Dite^ih»(mi^  m$mt  add,  adding  tU 
aitroos  by  degrees  to  help  the  solnttoo.  The  sulphur  wiU  be  fonnd  <mi 
the  filter  i  tlM  arsenio  will  remnn  in  the  aolntion,  and  may  be  preci- 

C'  atedin  ita  netallic  form  by  ainc^  adding  apirit  of  wine  to  the  ao» 
ioQ. 

Nickel  Ore^— The  ores  must  be  wdl  roasted  to  espel  the  Bnlphvr 
and  arsenic ;  the  greener  the  calx  proyes  doring  this  tonelkction^ 
the  moie  it  abonnda  in  the  nickel  $  bat  the  r^der  it  is>  the  more 
iron  it  contains.  The  proper  qaantity  of  this  roasted  ore  is  fused  in 
an  open  crucible,  with  twice  or  thrice  its  weight  of  black  flux,  and 
the.  whole  covered  with  ^mmon  salt.  By  exposing  the  cmcible  to 
the  strongest  heat  of  a  foige-fire,  and  making  the  fusion  complete, 
a  regulus  will  be  produced.  This  renins  is  not  pure,  but  contains  a 
portion  of  arsenic,  cobalt,  and  iron.  Of  the  first  it  may  be  deprived 
by  a  fresh  calcination,  with  the  addition  of  powdered  charcoal  5  and 
of  the  second  by  soorificati<m  i  but  it  is  with  difficulty  that  it  is  en- 
tirely freed  from  the  iron. 

In  the  Humid  Way.-^By  solution  in  nitrous  add,  it  is  freed  from 
its  sulphur  $  and  by  adding  water  to  the  solution,  bismuth,  if  any, 
may  be  predpitated :  as  may  silver,  if  contained  in  it,  by  the  marine 
acid  ;  and  copper,  when  any,  by  iron. 

■  To  separate  cobalt  from  nickel,  when  the  cobalt  is  in  considerable 
quantity,  drop  a  saturated  solution  of  the  roasted  ore  in  nitrous  acid 
into  liquid  volatile  alkali  1  the  cobaltic  part  is  instantly  re- dissolved 
and  assumes  a  garnet  colour  j  when  filtered,  a  grey  powder  remains 
on  the  filter,  which  is  the  nickel.  The  cobalt  may  be  predpitated 
finom  the  volatile  alkali  by  any. add. 

Coiali  Ore«.— Freejthem  as  much  as  possible  from  earthy  matters 
by  well  washing,  and  from  sulphur  and  arsenic  by  roasting.  The 
ore  thus  prepared  is  to  be  mixed  with  three  parts  of  blade  flux,  and  a 
little  decrepitated  sea-salt :  put  the  mixture  in  a  lined  crucible,  cover 
it,  and  place  it  in  a  foige«fire,  or  in  a  hot  furnace,  for  this  ore  is  .very 
difficult  of  fusion. 

'  When  well  fused,  a  metallic  rc^lus  will  be  found  at  the  bottom, 
covered  with  a  scoria  of  a  deep  blue  colour  :  as  almost  all  cobalt 
ores  contain  bismuth,  this  is  reduced  by  the  same  operation  as  the 
regains  of  cobalt :  but  as  they  are  incapable  of  chemically  uniting 
togethfj^,  they  are  always  found  distinct  from  each  other  in  the  cro* 
dble.  The  regulus  of  bismuth  having  a  greater  specific  gravity,  is 
always  at  the  bottom,  and  may  be  separated  by  a  blow  with  a  hammer. 

In  the  Hyamd  If^.*— Make  a  solution  of  the  ore  in  nitrous  acid, 
or  aquanregia,  and  evaporate  to  dryness  ;  the  residuum,  treated  with 
the  acetous  acid  will  yield  to  it  the  cobaltic  part;  the  arsenic  should 
be  first  precipitated  by  the  addition  of  water. 
'  MercMTtat  Ores.^-^The  caldform  ores  of  mercury  are  easily  reduced 
without  any  addition.  A  quintal  of  tiie  ore  is  put  into  a  retort,  and 
a  raedver  luted  on,  containing  some  water ;  the  retort  is  placed  in  a 
sand-bath,  and  a  sufficient  degree  of  heat  given  it,  to  force  over  the 
■Mffcury  which  is  condensed  in  the  water  of  the  receiver. 


712  AnwMmu 

adpimNdti  MeremUt  Om.-^Thit 
ky  dittillalioii  itt  the  Bmiier  abow,  ody  drase  om  veqaire  an  e^jnl 
weight  oC  dean  inm-WofS  to  be  viistd  with  then,  to  diiciigiy  the 
eripbttr.  while  the  heat  folataiaea  theaefcory,  aad  iofoet  Unto  the 
receiver.  Tlieae  ores  should  likewise  be  tried  for  cilmabar,  to  Jommt 
whether  it  will  aaswer  the  parpeee  of  extracdng  it  froBthen:  lor 
thisadetermiaateqaantity^tf  the  ore  is  finely  powdered  aad  pot  ibId 
aglassvessd^whieh  Is  exposed  to  a  geatle  heat  at  first,  and  gradaaily 
increased  till  nothing  more  is  snblisied.  By  the  quantity  thns  acqnked 
a  Judgment  may  be  formed  whether  the  process  will  answer.  Somo* 
times  this  cinnabar  is  not  of  so  lively  aookror  as  that  whiA  is  nsed 
in  trade ;  in  this  case  it  may  be  refined  by  a  second  subliantion,  a^ 
ifitbestilloftoodaikacolonr,  it  may  be  brightened  by  te  addi* 
tiott  of  a  quantity  of  mercury^  and  subliming  it  again. 

Humii  Assay  ofCimuibarj^Tht  stonv  matrix  should  be  disnshed 
in  nitrons  add,  and  the  dnnabar,  betn^  disengaged,  should  be  boiled 
xn8  or  10  times  its  weidbtofaqnaregia,  competed  of  3  parts  nitRms, 
and  1  of  marine  acid.  The  mercury  may  be  predpitated  in  its  nm- 
nlng  form  by  zinc. 

Sliver  Orey.— Take  the  assay  quantity  of  tiie  ore  finely  powdered, 
and  roast  it  well  in  a  proper  degree  of  heat,  frequently  stiiring  it 
witii  an  iron  rod }  then  add  to  ifc  about  double  tiie  quantity  of  gra- 
nulated lead,  pot  it  in  a  coTored  crudble,  and  place  it  in  »  fiimace ; 
raise  the  fire  gently  at  first,  and  continue  to  increase  it  gradually^ 
till  the  metal  b^ios  to  work  i  if  it  should  appear  too  thick,  anke  it 
thinner  by'tho  addition  of  a  little  more  lesd}  if  the  metal  should 
boil  too  rapidly,  the  fire  should  be  diminished.  Hie  aurfinoe  will  be 
covered  by  degrees  with  a  mass  of  scoria,  at  which  time  the  metal 
should  be  carefiilly  stirred  with  an  iron  hook  heated,  especially  to- 
wards the  border,  lest  any  of  the  ore  shouM  remain  undissolved ; 
and  if  what  is  adherent  to  the  hook  when  raised  from  the  cniciiile, 
melts  quickly  again,  and  the  extremity  of  the  hook,  after  it  is  grown 
cold,  is  covered  with  a  thin,  shining,  smooth  crust,  the  scarification  is 
perfect ;  but,  on  the  contrary,  if  while  stirring  it,  any  considerable 
damminess  is  percdved  in  the  scoria,  and  when  it  nidheres  to  the 
hook,  thoagb  red  hot,  and  appears  unequally  tinged,  and  seems  dusty 
or  rough,  with  gruns  interspersed  here  and  there,  the  soorificatkni 
is  incomplete ;  in  consequence  of  which  the  fire  diquld  be  increased 
a  little,  and  what  adheres  to  the  hook  should  be  gentiy  beaten  off, 
and  retnmed  with  a  small  ladle  into  the  cmdble  a^ain.  When  tiie 
scorificatioQ  is  perfiect,  the  metal  should  be  poured  into  a  cone,  pie* 
vionsly  rubbed  with  a  little  tallow,  and  when  it  becomes  cold,  the 
scoria  may  be  separated  by  a  few  strokes  of  a  hammer.  The  button 
is  the  produce  of  the  assay. 

By  Cupeilation.'^Ttike  the  assay  quantity  of  ore,  roast  and  grind 
it  with  an  equal  portion  of  litharge,  divide  it  into  2  or  3  parts,  and 
wrap  each  up  in  a  small  piece  of  paper ;  pit  a  cupel  previously  sen* 
soned  under  a  muffle,  with  about  6  times  the  quantity  of  lead  epon  it. 
When  the  lead  begins  to  work,  carefully  pot  one  of  the  papeis  iqpoe 
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ft»Mi4  ftftertkb  Mabti»rbed>  p«k  Mia  MeDi)d>aad  aooB  tiU  IfaevMe 
quantity  is  iDtrodaoed;  then  raiae  the  fire^  and  as  the  aoeria  is  fonaed^ 
it  will  be  tdken  up  by  the  cupel^  and  a^  last  the  silTer  will  remain 
alone.  This  will  be  the  produce  of  the  assay,  unless  the  lead  con- 
tains a  small  portion  of  silyer,  which  may  be  discovered  by  putting 
an  equal  qoaatity  of  the  same  lead  on  an^er  cnpel>  and  working  it 
off  at  the  same  time ;  if  any  silver  be  produced  it  nust  be  deducted 
from  the  assay*    This  is  called  the  witness* 

In  the  humid  tiioy.— -Boil  vitreous  silver  ate  in  dilute  nitrons  acid» 
using  about  25  times  its  weight,  until  the  sulphur  is  quite  exhausted* 
The  silver  may  be  pieeipitatod  from  the  solution  by  marine  acid«  or 
oommon  salt ;  100  ffnuna  of  this  precipitate  contam  75  of  real  silver  $ 
if  it  contain  any  gold  it  will  remau  undissolved.  Fixed  alkalies  pr^ 
cipitata  the  eaithy  matters,  and  the  Prussian  alkali  will  show  if  any 
otW  metal  be  contained  in  the  solution* 

To  Assay  the  value  of  SUver.^^Tbe  general  method  of  examiniiBy 
the  purity  of  silver  ia  by  mixing  it  with  a  quantity  of  lead  j^opor- 
tionate  to  the  supposed  portion  of  alloy :  by  testing  this  mixture, 
and  afterwards  weighing  the  remaining  button  of  silver.  This  is  the 
name  process  as  refining  silver  by  cupeilation. 

It  is  supposed  that  the  mass  of  sUver  to  be  examined,  consists  of 
12  equal  parts,  called  penny-we^^ts ;  so  that  if  an  ingot  weighs  an 
ounce,  each  of  the  parts  will  ^  l-12th  of  an  ounce.  Hence,  if 
the  mass  of  silver  be  pure,  it  is  called  silver  of  12  penny-weights  $ 
if  it  eontaia  l-12th  of  ita  weight  of  alloy,  it  is  called  silver  of  11 
penny-weights  :  if  2-l2t)\%  of  its  weight  be  alloy,  it  is  called  silver 
of  10  penny-weights ;  which  parts  of  pure  silver  are  called  5  penny- 
weights. It  musfe  be  observed  here,  thfit  assayers  give  the  name 
}ienny^weight,  to  a  weight  equal  to  24  ml  grains,  which  must  not 
be  coafovaded  with  ihmr  ideal  weights.  The  assayers*  grains  are 
called  fine  grains.  An  ingot  of  fine  silver,  or  silver  of  12  penny*- 
wc'ghts,  contains,  then,  268  fine  grains ;  if  this  ingot  contain  1 -288th 
«l  alloy,  it  is  said  to  be  siliwr  of  11  penny- weights  and  23  grains ; 
if  it  eontaia  4-288ths  of  alloy,  it  is  said  to  be  1 1  peany-weigbts,  2Q 
grains,  &c.  Now  a  certain  real  weight  must  be  taken  to  represent 
the  assay* weights  :  for  instance,  36  real  grains  represent  12  fine 
^nny«weigbts ;  this  is  subdivided  into  a  sufficient  number  of  other 
amaller  weights,  which  also  represent  fractions  of  fine  penny-we^hts 
and  grains.  tW,  18  real  grains  represent  6  fine  penny-weights } 
3  rmU  grains  represent  1  fine  penny-weighty  or  24  grains ;  a  real 
grain  aad  a  half  represents  12  fine  grains :  l«32d  of  a  real  grain  re* 
presents  a  quvter  of  a  fine  grain,  which  is  only  1 -752nd  part  of  a 
nasaef  12  penny-woghts. 

Double  Assaiy  i>f  Siher^'^lt  is  customary  to  mal^e  a  double  assay* 
The  silver  for  the  assay  shwld  be  taken  from  opposite  sides  of  the 
Ingots  and  tried  on  a  toech-stone.  Assayers  know  pretty  nearly  the 
Talne  of  silver  merely  by  the  loojc  of  the  ipgott  aad  still  better  by 
tha  test  of  the  toachHitoiw.     Thf  ^uMtity  nf  lead  to  be  added  is  re- 
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cdatodbyaeporHmiofallQy,  wiudi  baingia  genenl eopper,  ml 
be  nearly  m  foHoira : 

8ilrer  of  dwts.        gn.  dwt8.gri.       Reqnbies  from 
II  6  — ^ 5to    6%2 

0  12 8—  9l.» 

From    19  18  to     9    0  12-^13  1  ^-o 

8  6  —    7  12  13— 14>-J 

6        18  —  «  0        14— isi*:^ 

3       .       0—     1   12  0—16 1 1 

1  12—0  18  0— 20jg; 

The  cupel  miist  be  beated  red  bot  for  balf  en  boor  before  any  mo- 
tel is  put  Bpon  it,  by  which  all  molstnre  is  expelled.  When  tbecDpel 
is  almost  white  by  heat^  the  lead  is  pat  into  it,  and  the  fire  increased 
till  the  lead  becomes  red  bot,  smoking,  and  agitated  by  a  motioii  of 
all  its  parts,  called  its  drcnlation.  Then  the  silver  is  to  be  put  am. 
the  cupel,  and  the  fire  oontinned  till  the  siWer  has  entered  the  lead ; 
and  when  the  mass  circnlates  well,  the  heat  mnst  be  diminished  by 
dosing  more  or  less  the  door  of  the  assay  furnace.  The  beat  should 
be  so  regnlated,  that  the  metal  on  its  sarface  may  appear  convex  and 
ardent,  while  the  cnpel  is  less  red ;  that  the  smoke  shall  rise  to  the 
roof  of  the  mnffle  5  that  nndnlations  shall  be  made  in  all  directions  ; 
and  that  the  middle  of  the  metal  shall  appear  smooth,  with  a  small 
circle  of  litharge,  which  is  conttnnaily  imbibed  by  the  copeL  By 
thistreatmeot»  the  lead  and  alloy  will  entirely  be  absorbed  by  tbe  cnpel, 
and  the  silver  become  bright  and  shining,  when  it  is  said  to  lighten  $ 
after  which,  if  the  operation  has  been  well  performed,  the  silver  will 
be  covered  with  rainbow  colours,  which  quickly  undulate  and  croaa 
each  other,  and  then  the  button  becomes  nxed  and  solid* 

The  diminution  of  weight  shews  the  quantity  of  alloy.  As  all  lead 
eontmns  a  small  portion  of  silver,  an  equal  weight  with  that  used  in 
the  assay,  is  tested  off,  and  the  product  deducted  from  the  assay 
weight.    Tliis  portion  is  called  the  witness. 

To  Assay  Plated  Metab.'^Tvkn  a  delermiaate  quantity  of  the 
plated  metal  $  put  it  into  ah  earthen  vessel,  with  a  sufficient  qnao- 
tity  of  the  above  menstruum,  and  plaee  it  in  a  gentle  heat.  When 
the  silver  is  stripped,  it  must  be  collected  with  common  sah;  Hie 
calx  must  be  tested  with  lead,  and  the  estimate  made  aooordiog  to 
the  product  of  silver. 

Ores  and  Earths  containing  GoAf .— No.  1  .—That  which  is  now 
moit  generally  used  is  by  amalgamation,  the  proper  quantity  is  taken 
and  reduced  to  a  powder ;  about  1-1 0th  of  its  weight  of  pore  quick- 
silver is  added,  and  the  whole  triturated  in  an  iron  mortar.  The  at- 
traction subsisting  between  the  gold  and  quicksilver,  quickly  nnitee 
them  in  the  form  of  an  amalgam,  which  is  pressed  through  shamois 
leather ;  the  gold  is  easily  separated  from  this  amalgam,  by  expomire 
to  a  proper  degree  of  heat,  which  evaporates  the  quicksilver,  and 
leaves  the  gold.  Tlits  evaporation  should  be  made  with  luted  vessela. 

This  IS  the  foundation  of  all  the  operations  by  which  gold  is  ol^ 
tained  from  the  rich  mines  of  Peni>  in  Spanish  America. 
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No.  2«*--Takd  a  qiifmtity  of  the  gold-sand;  and  heat  it  red*1iot> 
qnenck  it  in  water ;  repeat  this  two  or  three  times,  and  the  cdoar  of 
the  sand  will  become  a  reddish  brown.  Then  mix  it  with  twice  its 
weiffht  of  lithaige,  and  reyiFe  the  litharge  into  lead^  by  adding  a' 
antul  portion  of  diareoal-dast,  and  e3q)08iDg  it  to  a  proper  degree  of 
beat ;  when  the  lead  rerives,  it  separates  the  gold  from  the  sand ; 
and  the  freeing  of  the  gold  from  the  lead  must  be  aftoivarda  per* 
fi>rmed  by  cnpeUatioo* 

No.  3.^Bergman  assayed  metallic  ores  containing  gold^  by  mixing 
two  parts  of  .t&  ore,  well  ponoded  and  washed,  with  1^  of  litharge, 
and  3  of  glass ;  covering  the  whole  with  common  salt,  and  meltiDg  it 
in  a  smith's  forge,  in  a  covered  cnicible  3  he  then  opened  the  crocible, 
pnt  a  nail  into  it,  and  continued  to  do  so,  till  the  iron  was. no  longer 
attacked.  The  lead  was  thus  precipitated  which  contained  the  gold, 
nod  was  afterwards  separated  by  cnpellation. 

Humid  Assay  of  Gold  mixed  tuith  Martial  Pyrites, — Dissolve  the 
ore  in  twelve  times  its  weight  of  dilate  nitrous  acid,  gradually  added  ^ 
place  it  in  a  proper  degree  of  heat ;  this  takes  up  the  soluble  parts^ 
and  leaves  the  gold  untouched,  with  the  insoluble  matrix,  from  which 
it  may  be  separated  by  aqua  regia.  The  gold  may  be  again  separated 
from  the  aqua  regia  by  pouring  ether  upon  it ;  the  ether  takes  up  the 
gold,  and  by  b^g  burnt  off  leaves  it  in  its  metallic  state.  The  solu« 
tion  may  cootun  iron,  copper,  manganese,  calcareous  earth,  or  argil ; 
if  it  be  evaporated  to  dryness,  and  the  residuum  heated  to  redness 
for  half  an  hour,  volatile  alkali  will  extract ^he  copper  $  dephlogisti- 
cated  nitrous  acid,  the  earths^  the  acetous  add,  the  manganese ;  and 
the  marine  add,  the.  calx  of  iron.  The  sulphur  floats  on  the  first 
•olation»  from  which  it  should  be  separated  by  filtration. 


PARTING. 

By  this  process  gold  and  silver  are  separated  from  each  other. 
These  two  metals  equally  resisting  the  action  of  fire  and  lead,  must 
therefore  be  separated  by  other  means.  This  is  effected  by  different 
menstrua.  Nitrous  acid,  marine  add  and  sulphur,  which  cannot  attack 
gold,  operate  upon  silver ;  and  these  are  the  principal  agents  em- 
ployed in  this  process. 

Parting  by  nitrous  add  is  most  convenient,  consequently  most 
vsed, — indeed,  it  is  the  only  one  employed  by  goldsmiths.  This  is 
called  simply  parting. 

That  made  by  the  marine  acid  is  by  cementation,  and  is  called 
centrated  parting ;  and  parting  by  sulphur  is  made  by  fusion,  and 
called  Dav  Pabtino. 

Parting  by  Aquc^Fortis.  This  process  cannot  succeed  unless  we 
attend  to  some  essential  circumstances  :  Ist.  The  gold  and  silver 
must  be  in  a  proper  portion,  vis.  the  silver  oi^ht  to  1^  three  parts  to 
one  of  gold }  though  a  mass  containing  two  parts  of  silver  to  one  of 


goUmybepfftdL    T»  jii^p  of  tiie  qtdtef  df  te  aelal  to  be 
awtad,  aMBWS  sake  »  eoapMiMi  noit  •  tmcfa  it— e,  between  ift 


purtad,  aMsywi  aake  »  eoapMiMi  vpoit  • 
•■d  oerttiB  Medlfli  coiapoied  ol  gold  and  wUimx,  in  gradoaled  pto- 
■ortiout  and  properi  j  narkod ;  wbieh  are  callod  Pmot  Nksdlbs. 
If  tUt  trial  tbewt  that  the  ailver  it  not  to  the  goU  aa  time  lo  om, 
tho  anaa  ia  iapfoper  for  tba  operatioii,  imleaa  aMnra  ailver  be  added ; 


-«„.«*.,-*,-,»,-«,•..,-**  ~«b.-j 


pure,  espedally  fm  frcmi  any  mixture  of  the  yitrioKc  or  ma 

rar  if  tUa  were  not  attended  to,  a  qontitj  of  ailfar  propor^onable 

lo  theae  t«po fweiga  ncida  woald  be  aapaiated dnri^p  the  eolations 

and  thia  qaantity  of  aalphate  of  ailver  wodd  renmia  mingled  with 

the  gold,  which  eonaeqaently  woold  not  be  entkdy  pariiei  Iqr  the 

operation* 

The  gold  and  aiker  to  be  parted  oi^  ptorienaly  t«>  be  graaniaead, 
by  melting  it  in  a  cracible,  and  pooring  it  into  a  raaael  of  wttlar« 
giving  the  water  at  the  tame  time  a  rapid  dnealar  motion,  by  fwddy 
atirring  it  roaad  with  a  ittdc  The  veaada  generallj  aned  in  tina 
operation  are  called  parting  glaaam,  whidi  m^t  to  be  very  wdl 
aanealed,  aad  dwaen  ftee  fom  iawt  i  aaeneof  the  chief  f 


nieneaa  attending  the  operation  is,  that  the  glaaeea  are  apt  to  crack  by 
expoaare  to  cold,  or  even  when  tondied  by  the  hand.  Some  operaton 
aecare  the  bottom  of  the  i^aaaea  by  a  caatmgoampaaed  ef  a  miirtme 
of  new-tlaked  lime,  with  beer  and  whitea  of  egga  sprmMl  on  a  doth, 
and  wrapped  roand  the  giaaaea  at  the  bottom ;  over  whkh  they  anply 
n  oomiwaition  of  eky  and  luur«  The  paatiag  giaaaea  dionla  be 
placed  in  veaada  oootainiBg  water  anpported  by  tnveta,  with  n  lira 
nnder  them  ;  becanaeif  a  glaaa  ahodd  break,  tbaoantaaea arecaiigfat 
in  the  vessel  ef  water.    It  the  heat  commonicated  to  the  water  be 


too  great,  it  may  be  properly  r^gdated  by  pooring  cold  water  gradnally 
and  cardnlly  down  the  side  of  the  vessel  into  a  parting  glaas  15 
inches  high,  and  10  or  12  inches  wide  at  the  bottom ;  pli^  in  a 
copper  pan  12  inches  wide  at  bottom,  15  inches  vride  at  top,  and  10 
inches  high  3  there  is  nsnally  pnt  abont  80  02.  of  metd,  with  twice 
na  auMh  of  aona-fntia.  ^ 

The  aqo»«»rtia  ooght  to  be  ao  atrong  aa  to  act  aenaibly  on  ailver 
when  cold,  bnt  not  en  atnmg  aa  to  net  violently.  Little  heat  shoahl 
be  applmd  at  irat,  as  the  liqnor  ia  apt  te  swell  and  rise  over  the 
^Bsad ;  bat  when  the  add  ia  nearly  saturated,  the  heat  may  safely  be 
increased.  When  the  solution  ceases,  which  is  known  by  the  effer- 
vaaacncB  diaeealinning,  the  liqnor  ia  to  be  poured  off,  if  any  grains 
appear  entire^  more  aqoa-fortis  mnst  be  added,  till  the  sUver  ia  all 
dissolved.  If  the  operation  has  been  performed  dowly,  the  remdaiag 
gohl  will  have  the  loam  of  distinct  nwasea.    The  goM  appeara  black 


after  parting;  ita  parte  have  no  adhesion  together,  becanse  the  dver 
dissolved  from  it  has  left  many  interstices.  To  give  them  more  soli« 
dity,  and  improve  theb  colour,  they  are  pot  into  a  test  under  a  mnfle, 
and  made  red  hot,  after  v^hich  they  contract  and  become  more  solid, 
and  the  gaU  resomes  ita  odour  and  hiatre.  it  is  then  called  GaAis 
Qou».    If  the  operation  haa  been  perfaoMd  hastily,  the  gpkl  will 


have  the  appetranoe  «f  black  miid  or  p«wder,  wUcb^  after  well 
waakhig^  mast  be  melted. 

The  niter  ia  vsaally  recovered  by  precipitatiag  it  fron  the  aqa»« 
fertis  by  means  of  pure  copper.  If  the  solution  be  perfectly  sata* 
rated^  no  precipitation  can  take  place,  till  a  few  drops  of  aqua^fortis 
are  added  to  the  liquor.  The  precipitate  of  silver  must  be  wcfl 
washed  with  boiling  water,  and  may  be  fosed  with  nitre,  or  tested  off 
with  lead. 

Parting  hy  Cemeniation^^^A  cement  is  prepared,  composed  of  4 
parts  of  bricks  powdered  and  sifted  3  of  one  part  of  green  vitriol 
calcined  till  it  becomes  red ;  and  of  one  part  of  common  salt :  tlua 
is  to  be  made  into  a  firm  paste  with  a  little  water.  It  is  called  tbe 
Cbmsnt  Royal. 

The  gold  to  be  cemented  is  reduced  into  plates  as  thin  as  money. 
At  the  bottom  of  the  crucible  or  cementing  pot,  a  stratum  of  cement, 
of  the  thickness  of  a  finger,  is  put,  which  is  covered  with  plates  of 
gold ;  and  so  the  strata  are  placed  alternately.  The  whole  is  covered 
with  a  lid,  which  is  luted  with  a  mixture  of  clay  and  sand.  This 
pot  mast  be  placed  in  a  furnace  or  ovsn,  heated  gradually  till  it 
becomes  red  hot,  in  which  it  must  be  continued  daring  24  hours.  The 
heat  must  not  melt  the  gold.  The  pot  or  crucible  is  then  saffensd  to 
cool ;  and  the  gold  carefully  separated  from  the  cement,  and  boiled 
at  different  times  in  a  lai^  quantity  of  pure  water.  It  is  then  assayed 
upon  a  touch-stone,  or  otherwise  $  and  if  it  be  not  sufficiently  pure^ 
it  IS  ceif  ented  a  second  time.  In  this  process  the  vitriolic  acid  of  tbe 
bricks,  and  of  the  calcined  vitriol,  decomposes  the  common  salt  during 
the  cementation,  by  uniting  to  its  alfcaline  base,  while  the  marine  add 
becomes  concentrated  by  the  heat,  and  dissolves  the  silver  alloyed 
with  the  gold.  This  is  a  very  troublesome  process,  though  it  suc- 
ceeds when  the  portion  of  silver  is  so  small  that  it  would  be  defended 
from  the  action  of  aqua-fortis  by  the  super-abundant  gold ;  but  is 
little  used,  except  to  extract  silver,  or  base  metals,  from  the  surface 
of  gold,  and  thus  giving  to  an  alloyed  metal,  the  colour  and  appear- 
ance of  pore  gold. 

Dry  Ptirtimg, — ^This  process  is  performed  by  solpbar,  which  will 
easily  unite  with  silver,  bnt  does  not  attack  gold.  As  this  dry 
parting  is  even  troublesome  as  well  as  expensive,  it  ought  not  to  ba 
undertaken  but  on  a  considerable  quantity  of  silver  alloyed  with  gold. 
The  generd  procedure  is  as  follows. — ^l^he  metal  must  be  granidete^ 
from  1*8  to  1*5  of  it  (according  as  it  is  richer  or  poorer  in  the  gold.) 
is  reserved,  and  the  rest  well  mingled  with  an  eighth  of  powdered 
anlphur ;  aad  put  into  a  crucible,  keeping  a  gentto  fire,  that  the  sit* 
ver,  before  melting,  may  be  thoroughly  penetrated  by  the  sulphur ; 
if  the  fire  be  hastily  urged,  the  sulphur  will  be  dissipated.  If  to 
sulphurated  silver  infusion,  pare  silver  be  added,  the  latter  falls  to 
the  bottom,  and  forms  there  a  distinct  fluid,  not  miecible  with  the 
other.  The  partkles  of  gold  having  no  affinity  with  the  saipharated 
arlver,  join  themsehree  to  tbe  pore  silver  wherever  they  eome  in  con- 
tact, and  are  thus  transferred  firom  the  former  into  tbe  latter,  mote  or 
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IftMpfffecdy,  afitordiogaa  the  pBronlfWWisaMN^orlettthonMigk- 
ly  diffused  tbtoogb  the  mixture.    It  is  for  this  use  that  a  |>art  of  the 
graDolated  silver  was  reserved.    The  sulphurated  mass  being  brought 
iato  fasioOf  and  kept  melting  for  nearly  an  hour  in  a  covered  crucible, 
one  third  of  the  reserved  grains  is  thrown  in,  which,  when  melted, 
the  wliole  is  well  stirred,  that  the  fresh  silver  may  be  distributed 
through  the  mixed  to  collect  the  gold  from  it;  this  is  performed  wkh 
a  woMlen  rod.    This  is  repeated  till  the  whole  reserved  metal  be  in« 
trodnoed.    Tbe  sulphurated  silver  appears,  in  fiisioa,  of  a  dark  brown 
colour  'y  after  it  has  beei\  kept  in  fusion  far  a  cei;tain  time»  a  part  of 
the  sulphur  having  escaped  from  the  top,  the  sariace  beoosaes  white, 
smd  some  bright  (Sops  of  silver,  about  the  sixe  of  a  p«i,  are  perceived 
on  it.     When  this  happens  the  fire  must  be  immediately  discontl* 
jiued,  for  otherwise  more  and  more  of  the  silver  thus  losing  its  sul- 
phur, would  subside  and  mingle  with  the  part  at  the  bottom,  in  which 
the  gold  is  collected.  The  whole  is  poured  into  an  iron  mortar  greased 
and  duly  heated.    The  gold  diffused  at  first  through  the  whole  mass, 
la  now  foaad  collected  in  a  part  of  it  at  the  bottom,  (amounting  only 
to  aboat  asmuch  as  was  reserved  uasnlphnrated  from  the  mass)  by  a 
chisel  or  hammer,  or  more  perfectly  by  placing  the  whole  mass  with 
its  bottom  upwards  in  a  crucible,  the  sulphursited  part  quickly  melts, 
leaving*  unmelted,  that  which  contains  the  gold.    The  sulphurated 
silver  is  assayed,  by  keeping  a  portion  of  it  in  fusion  b  an  open  era- 
dble,  till  the  sulphur  is  dissipated,  and  then  by  dissolving  it  in  aqoa- 
fnrtis.    If  it  should  still  be  found  to  contab  gold,  it  must  be  sub* 
jected  to  the  same  treatment  as  before.     The  f(old  thus  collected  raaj 
be  concentrated  into  a  snmller  part  by  repeating  the  whole  process, 
so  that  at  last  it  auiy  be  parted  by  aqoa-lortis  irithout  too  much  m« 


IRON  AND  STEEL: 

Espeditioui  mode  of  reducing  Iron  Ore  into  Malleable  Ironj^Tho 
waj  of  proceeding  is  by  stamping,  washing,  &c.  t^e  cakine  and  ma- 
terials, to  separate  the  ore  from  extraneous  matter ;  then  lusing  the 
prepared  ore  in  an  open  furnace,  and  instead  of  castmg  it,  to  suffer 
it  to  remain  at  the  bottom  of  the  furnace  till  it  becomes  cold. 
,  ^  New  Method  of  Shingling  and  Manufacturing  /roa.— The  <»^e 
being  fused  in  a  reverberating  furnace,  is  conveyed,  whilst  fluid,  into 
an  air-furnace,  where  it  is  exposed  to  a  strong  heat,  till  a  bluish 
flame  is  observed  on  the  surface }  it  is  then  agitated  on  the  sar^Mse, 
till  it  loses  its  fusibility,  and  is  collected  into  lumps  called  loops. 
These  loops  are  then  pot  into  another  air-furnace,  brought  to  a  wlute 
or  welding  heat,  and  then  shingled  into  halfblooms  or  slabes.  They 
are  sgain  exposed  to  the  air-furnace,  and  the  half-blooms  taken  out 
and  forged  into  anconies,  bars,  haff-Jiats,  and  rods  for  wire  3  while 
the  slabes  are  passed,  when  of  a  welding  heat,  through  the  grooved 
rollers.  In  this  way  of  proceeding,  it  matters  not  whether  the  iroa 
is  prepared  from  cold  or  hot-short  metal,  nor  is  there  any  occasion 
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fcr  tli«  use  6f  finery^  charooaU  coke,  chafery,  or  hollow  fire  ;  or  any 
Uast  by  bellows ;  or  otherwise  :  or  the  use  of  fluxes,  ,in  any  part  of 
the  process. 

Approved  Method  of  Welding  /ron.— This  consists  in  the  skilful 
hundUng  of  the  iron  to  be  welded  >  in  the  use  of  an  extraordinary 
large  forge*hamroer,  in  employing  a  balling'furnace,  instead  of  a  hoi" 
low  fire  or  chafery;  and  in  passing  the  iron,  reduced  to  a  melting  heat^ 
throngh  grooved  mill-rollers  of  different  sbhpes  and  sizes,  as  required. 

Common  Hardening, -^Ixon,  by  being  heated  red  hot,  and  plunged 
into  cold  water,  acquires  a  great  degree  of  hardness.  This  proceeds 
from  the  coldness  of  the  water  which  contracts  the  particles  of  the 
iron  into  less  space. 

CSQEje-i/ar<feniff^.«-^Case-hardetting  is  a  superficial  conversion  of 
iron  into  steel  by  cementation.  It  is  performed  on  small  pieces  of 
iron,  by  enclosing  them  in  an  iron  box,  containing  bnrnt  leather, 
bone*d\ist,  or  any  other  carbonic  material,  and  exposing  them  for 
some  hotirs  to  a  red  heat.  The  surface  of  the  iron  thus  b^omes  per- 
fectly metallized.  Iron  thus  treated  is  susceptible  of  the  finest  polish^ 

To  convert  Iron  into  Steel  by  Cementation, — ^The  iron  Is  formed 
into  bars  of  a  conyenient  size,  and  then  placed  in  a 'cementing  fiu^ 
]iace«  with  sufficient  quaptity  of  cement,  ^hich  is  composed  of  coals 
of  animal  ot  vegetable  snbstaooes,  mixed  with  calcined  boncis^  &c«  The 
following  are  very  excellent  cement :— 1st,  one  part  of  powdered 
charcoal,  and  half  a  part  ot  wood-ashes  well  mixed  together  i  or, 
2dly,  two  parts  of  charcoal,  moderately  powdered,  one  part  of  bones» 
bom,  hair,  or  skins  of  .animals,  bornt  in  close  vessels  to  blacknesi 
and  powdered  ',  and  half  a  part  of  wood*ashes ;  mix  them  well  to- 
gether. The  bars  of  iron  to  be  converted  into  steel,  are  placed  upon 
a  stratum  of  cement,  and  covered  all  over  with  the  same ;  and  the 
vessel  which  contains  them,  closely  luted,  must  be  exposed  to.  a  red 
heat  for  8  or  10  hours,  when  the  iron  will  be  converted  into  steeL 

Steel  is  prepared  from  bar  iron  by  fusion  ;  which  consists  of  plunge 
ing  a  bar  into  melted  iron,  and  keeping  it  there  for  i  ome  time,  by 
which  process  it  is  converted  into  good  steel. 

All  iron  which  becomes  harder  by  suddenly  quenching  in  cold 
water  is  called  steel  -,  and  that  steel  which  in  quenching  acquires  the 
greatest  dq;ree  of  hardness  in  the  lowest  degree  of  heat,  and  retains 
the  greatest  strength  in  and  after  induratioD,  ought  to  be  considered 
as  the  best. 

Improved  process  of  hardening  S/ee/.— 'Articles  manufactured  of  steel 
for  the  purposes  of  cutting,  are,  almost  without  an  exception,  hard- 
•  ened  from  the  anvil  -,  in  other  words,  they  are  taken  from  the  forger 
-to  the  hardener  without  undergoing  ^y  intermediate  process  j  and 
such  is  the  accustomed  routine,  that  the  mischief  arising  has  escaped 
observation.  The  act  of  forging  produces  a  strong  scale  or  coatin'g. 
which  is  spread  over  the  whole  of  the  blade ;  and  to  make  the  evil 
stiU  more  formidable,  this  scale  or  coating  is  unequal  in  substance 
yarying  in  proportion  to  the  degree  of  heat  communicated  to  the 
steel  in  fOi^g  3  it  is^  partially,  almost  impenetrable  to  tiie  action  el 

3D 
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water  vtien  iomersed  for  the  purpoM  of  hanleniftf  •  HentQ  it  'w 
that  different  degrees  of  hardness  prevail  in  fktnrlf  every  raaor  ma* 
nufactnred  :  this  is  evidentlv  a  positive  defect  5  and  so  Umg  as  it 
coDtinnes  to  exist,  great  differeaoe  of  tempentore  most  exist  like- 
vise.  Razor*blades  not  nnfrequently  exhibit  the  fact  here  stated  in 
a  very  striking  manner :  what  are  termed  clonds,  or  parts  of  uneqaal 
polish,  derive  their  origin  from  this  cause ;  and  dearly  and  dntinxlly, 
or  rather  distinctly  tboogh  not  clearly^  show  how  tar  this  partial 
coatinff  has  extended,  and  where  the  action  of  the  water  has  been 
yielded  to,  and  where  resisted.  It  certainly  cannot  be  matter  of  asto« 
nishment,  that  so  few  improvements  have  been  nude  in  the  harden* 
ing  of  steel,  when  the  evil  here  complained  of  so  universally  obtains, 
as  almost  to  warrant  the  supposition  that  no  attempt  has  ever  been 
made  to  remove  it.  The  remedy,  however,  ia  easy  and  aimple  in  the 
extreme,  and  so  evidently  efficient  in  Its  application,  that  it  cannot 
bat  excite  surprisCt  that,  in  the  present  highly  improved  state  of  oar 
manufactures,  such  a  communication  should  Da  made  as  a  discovery 
entirely  new. 

Instead,  therefore,  of  the  customary  mode  of  hardening  the  blade 
from  the  anvil,  let  it  be  passed  immediately  from  the  hands  of  the 
forger  to  the  grinder ;  a  slight  application  of  the  stone  will  reinore 
the  whole  of  the  scale  or  coating,  and  the  razor  will  then  be  properly 
prepared  to  undergo  the  operation  of  hardening  with  advantage.  It 
will  be  easily  ascertained,  that  steel  in  this  stateheata  in  the  fire  with 
greater  regularity,  and  that  when  immersed,  the  obstadee  being  r&* 
moved  to  the  immediate  action  of  the  water  on  the  body  of  the  steel, 
the  latter  becomes  equally  hard  from  one  extremity  to  the  other.  To 
this  may  be  added,  that,  as  the  lowest  possible  heat  at  tvhicA  sUeite^ 
eomes  hard  is  induUtahly  the  best^  the  mode  here  reoommended  will 
be  found  the  only  one  by  which  the  process  ai  hardening  can  be 
effected  with  a  less  portion  of  fire  than  is,  or  can  be  required  in  any 
other  way.  These  observations  are  decisive,  and  will,  in  all  proba* 
biii^,  tend  to  establish  in  general  u^e  what  cannot  but  be  regarded 
as  a  very  important  improvement  in  the  manufecturiag  of  edged  steel 
instruments. 

iSngHsk  cast  Steel.-^The  finest  kind  of  steeU  called  English  east 
tteel,  is  prqmred  by  breaking  to  pieces  blistered  steel,  and  then  melting 
k  in  a  crucible  with  a  flux  composed  of  carbooaeeoos  and  vitrifiahle  Uk^ 
gredients.  The  vitrifiable  ingredient  is  used  only  inasmuch  as  a  fusi- 
ble body,  which  fh>w8  over  the  surface  of  the  metal  in  the  crucibles, 
and  prevents  the  access  of  the  oxygen  of  the  atmoephere.  Broken  glasa 
IS  sometimes  used  for  this  purpose. 

When  thoroughly  fused  it  is  cast  into  ingota,  which  by  gentle  heat- 
ing and  careful  hammering,  are  tilted  into  bars.  By  this  process  the 
steel  becomes  more  highly  carbonized  in  proportion  to  the  quantity  of 
flux,  and  in  consequence  is  more  brittle  and  fusible  than  before. 
Hence,  it  surpasses  all  other  steel  in  uniformity  of  texture,  hardness, 
and  closeness  of  grain,  and  is  the  oiateriai'eiS^yed  in  nU  the  fioeat 
articles  of  English  cutlery. 


APPBNDIX.  771 

To  make  Edge-tools  from  cast  Steel  and  Iron. — ^This  method  con- 
sists in  fixing  a  clean  piece  of  wrought  iron,  bronght  to  a  welding 
heat^  in  the  centre  of  a  mould,  and  then  pouring  in  melted  steel,  so 
as  entirely  to  envelope  the  iron  $  and  then  forging  the  mass  into  tho 
shape  reqoired. 

To  colour  Steel  B/u^.-— The  steel  must  be  finely  polished  on  its 
surface,  and  then  exposed  to  an  uniform  degree  of  heat.  Ac« 
cordingiy^  there  are  three  ways  of  colouring  :  first,  by  a  flame  pro- 
ducing no  soot,  as  spirit  of  wine  3  secondly,  bv  a  hot  plate  of  iron  j 
and  thirdly,  by  wood*ashes.  As  a  very  regular  degree  of  heat  is 
necessary/ wood- ashes  for  fine  work  bears  the  preference.  The  work 
mast  be  covered  ovt^r  with  them,  and  carefully  watched  3  when  the 
colour  is  sufficiently  heightened,  the  work  is  perfect.  This  colour  is 
occasionally  taken  off  with  a  very  dilute  marine  acid. 

To  distinguish  Steel  from  Iron, — The  principal  characters  by  which 
steel  may  be  distinguished  from  iron,  are  as  follow  :— 

1.  After  being  polished,  steel  appears  of  a  whiter,  light  grey  hue, 
without  the  blue  cast  exhibited  by  iron.  It  also  takes  a  higher  polish. 

2.  The  hardest  steel  when  not  annealed,  appears  granulated,  but 
dull,  and  without  shining  fibres. 

3.  When  steeped  Id  acids  the  harder  the  steel  is,  of  a  darker  hue 
Is  its  surface. 

4.  Steel  is  not  so  much  inclined  to  rust  as  iron. 

5.  In  general,  steel  has  a  greater  specific  gravity. 

6.  By  being  hardened  and  wrought,  it  may  be  rendered  much  more 
elastic  than  iron. 

7.  It  is  not  attracted  so  strongly  by  the  magnet  as  soft  iron.  It 
likewise  acquires  magnetic  properties  more  slowly,  but  retains  them 
longer  -,  for  which  reason,  steel  is  used  in  makiug  needles  for  com* 
passes,  and  artificial  magnets. 

8.  Steel  is  ignited  sooner,  and  fuses  with  less  degree  of  heat,  than 
malleable  iron,  which  can  scarcely  be  made  to  fuse  without  the  ad« 
dition  of  powdered  charcoal ;  by  which  it  is  converted  into  steely 
and  afterwards  into  erode  iron. 

9.  Polished  steel  is  sooner  tinged  by  heat,  and  that  with  highei* 
colours,  than  iron. 

10.  In  a  calcining  heat,  it  suffers  less  loss  by  burnings  than  soft 
iron  does  in  the  same  heat,  and  the  same  time.  In  calcination  a  light 
blue  flame  hovers  over  the  steel,  either  witli  or  without  a  solphure* 
ous  odour. 

11.  The  scales  of  steel  are  harder  and  sharper  than  those  of  iron  ; 
and  consequently  more  fit  for  polishing  with. 

12.  In  a  white  heat,  when  exposed  to  the  blast  of  the  bellows 
among  the  coals,  it  begins  to  sweat,  wet,  or  melt,  partly  with  light* 
coloured  and  bright,  and  partly  with  red  sparkles,  bnt  less  craclding 
than  those  of  iron.     In  a  melting  heat  too,  it  consnnies  faster. 

13.  In  the  vitriolic,  nitrous,  and  other  acids,  steel  is  violently  at-* 
tacked,  but  is  longer  in  dissolving  than  iron.  After  maceration,  ac* 
cording  as  it  is  softer  or  harder,  it  appears  of  a  lighter,  or  darker  grey 
cokmr  j  while  iron  on  the  other  band  is  white. 
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jKolopUt ••  A  hollow  metallic  ball^  witb  a  small  orifice, 

to  shew  the  power  of  steam. 

Anneal To  expose  iron  or  other  metals  to  the  actioa 

of  fiLre*  in  order  to  rcdace  them  to  a  greater 
degree  of  tenacity. 

Anvil. ••• •   A  block  or  mass  of  iron,  with  a  hardened 

steel  surface,  on  which  smiths  and  other 
artificers  hammer  aod  fashion  their  work. 

Arbor, .  •  •  •  »• «  Tlie  principal  spindle  or  axis  which  eomma- 

nicates  motion  to  the  other  parts^  of  ami^ 
chine. 

Arm ••••  ••••  The  length  of  the  sail  of  a  windmill  measored 

from  the  axis. 

Arms  (Axle) The  two  ends  of  an  axle-tree:  pn^ecting 

supports  in  machinery. 

Ash-hole •••   A  receptacle  for  the  ashes  whidi  fidl  from  the 

hearth  of  a  furnace. 

Attraction  of  Cohesion,  The  attraction  which  holds  the  partieles  of 
matter  to  each  other. 

■■f  of  Gravitation*  Tlie  force  which  causes  aB  ponderous  bodies 

to  fall  towards  the  earth's  centre. 

Augur The  wimble  or  tool  used  in  theboring  of 

woods. 

Automaiom A  machine  which,  by  an  internal  arrange- 
ment, seems  to  move  of  itself. 

Axis •••••  The  spindle  or  centre  of  any  rotatory  motion* 

-— -  of  oscillation*  •  •«  The  shaft  upon  which  any  body  vibrates. 

■'  in  peritrochio*  •  •  One  of  the  six  mechanical  powers ;  usually 
called  the  wheel  and  axle. 

-i^—  nf  rotation The  shaft  round  which  any  body  revokes. 

Backboards Boards  attached  to  the  rims  of  the  water- 
wheel,  to  prevent  the  water  running  off 
the  floats  into  the  interior  of  the  wheel. 

Backlash*  ,,.. ^ The   hobbling  movement  of  a  wheel   not 

fixed  firm  on  its  axis. 

Back-water,  «../,•,.  The  water  which  impedes  the  motion  of  a 
water-wheel  during  floods*  or  from  other 
causes. 

Balance r.  •  •••   An  instrument  which,  by  the  application  of 

the  lever,  exhibits  the  weights  of  bodieaw 
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JBaiieii •«•«•«••  Tbe  movable  Uth  or  bar  of  a  loom  which 

serves  to  strike  in  or  dose^  more  or  less, 

the  threads  of  a  woof :  a  long  .x\arrow  slip 

of  wood  in  carpentry. 
Batier  ••••••••••«••  A  machine  used  early  in  tbe  process  of  the 

cotton  mannfactnre. 
Bayonetm  •••••»»••••  A  piece  of  wood  or  metal  with  two  legs  to 

disen|EageAndxe-engage  piachinery :  vide 

Mill-Geering. 
Beats  .•••• •••   The  strokes  made  by  the  pallets  or  fangs  of 

a  spindle  in  dock  or  watch  movements. 
'  Beetle 4.«....   An  implement  for  flattening  the  texture  of 

linen  or  woollen  cloth  :  a  heavy  mdlet« 
B4vd^g€er • . «  Wheels  in  which  the  teeth  are  set  at  angles 

of  various  degrees  from  the  radius. 

BUis • ••  Small  tools  used  in  boring. 

Bloom «•••••••   A  bar  of  iron  to  be  passed  through  the  rol- 
lers of  an  iron-mitl  to  be  elongated  into  a 

bar,  rod,  or  hoop. 
Blunging The  act  of  mixing  or  kneading  day  for  th9 

potter's  use. 
Bohbins* Little  circular  pieces'  of  wood  on  which  the 

thread  of  cotton,  silk,  &c.  is  wound. 
Bolter^  •••••••••••••   A  machine  for  sifting  meal. 

BoUing'cloth  • « A  cloth  through  which  the  sifted  med  runs. 

Brace A  curved  instrument  of  iron  or  wood  for  mov<- 

ing  smdl  boring  tools  called  bitts. 

Bracket.^^ A  support  fixed  to  a  wdl. 

Brake A  madiine  for  separating  the  cuticle  or  outer 

akin  from  the  flax  plant. 
Brazing  ••••••,••»•.  The  soldering  or  joining  two  pieces  of  meti^l 

by  melting  x>f  brass  between  the  pieces  to 

be  joined. 

Breast.  ••••• Tbe  first  part  of  a  revolver  carding-engine. 

Breasting  •••••., The  circular  sweep  of  inasonry,&c.  whidif  ur« 

rounds  the  shuttle  side  of  a  breast-wheel. 
Mreast'plate.^^  ••••••  A  smdl  piece  of  steel  with  holes  to  receive 

the  ends  of  a  drill. 
Breast*wheeLmm^%M..»  A  water-wheel  on  which  water  is  admitted 

at  or  nearly  level  with  the  axis. 
Buff'Stich A  piece  of  wood  covered  with  bu£f  leather^ 

used  for  polishing. 
BuUei. •'• To  alter  the  wards  of  a  lock  in  snch  roaooer 

that  they  may  be  passable  by  more  than 

one  key. 

Bush • A  hole  in  the  nave  of  a  wheel. 

Ccdteris  paribus^  •  •  •  •  •   Other  thmgs  being  equal. 

Calibre^ •  The  diameter  of  a  hole. 

palk,.,,^.. To  force  oakum^  tow^  or  other  materid  in 
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the  joints  of  fettels,  to  mJcd  them  lHWi> 
air,  or  water-tight. 

Carnh* • An  eccentric. 

Capstan A  verticiil  post  resting  on  a  pivot  and  turned 

by  powerful  arns  or  levers  to  raise  heavy 
weights  by  crane  work  -,  a  windlass. 

Carhm •  •  •   Charcoal. 

Card,  ••••• ••   Piece  of  leather  containing  numerous  iron- 

wire  teeth,  forming  a  species  of  comb*; 
vide  Cotton  Manufacture. 

Case-harden The  process  of  converting  the  surface  of  iron 

into  steel. 

Casting •  ••••••   The  act  of  forming  metal  or  other  matter 

into  any  required  shape,  by  pouring-It  into 
moulds  while  in  a  6uid  state. 

Catch Various  contrivances  in  mecbaaics,  to  act  on 

the  principle  of  a  latch. 

Cement,  ••• A  composition  for  joining  hard  bodies. 

Centre- lit A  boring  tool  in  carpentry. 

Centrifugal Flying  from  the  centre. 

Centripetal Flying  to  the  centre. 

Chafcry.,  •  •  •  • A  kind  of  forge   in  the  iron  maaufaotureiy 

where  the  metal  is  exposed  to  a  welding 
heat. 

Chaliometer An  instrument  to  measure  heat* 

Chamfer,..,. «   A  groove  to  receive  the  tenon  in  carpentry. 

Cheeks ••••••  A  term  generally  applied  to  those  pieces  of 

timber  in  machinery,  which  are  doahJe» 
and  correspond  with  each  olhcr« 

Chord, Perpendicular  let  fall  from  any  radius  of  a 

circle. 

Chuck,.,r..9 That  part  of  a  lath  which  revolves  withthe 

arbor  :  to  this  is  afiixed  the  article  to  be 
turned. 

drcumference* • .  The  measure  round  any  dscle* 

Clack A  bell  so  contrived  that  it  shall  ring  when 

more  corn  is  required  tobe  pat  in  themifl. 

Clamp « •••  A  pile  of  unbumt  bricks  rmsed  for  burning. 

Clip An  arrangement  to  impede  velodty  by  (no* 

tion. 

Clutch ••#..    Fide  Bayonet. 

Cockling, .  •  •  • To  entangle. 

Cocoon A  small  ImiII  of  silk  spun  by  a  silk-worm. 

Cog  .••••• This  word,  correctly  speaking,  implies  teeth 

formed  of  a  different  material  to  the  body 
of  the  wheel  i  but  is  generaliy  used  to 
express  all  kinds  of  toothed  wheels. 

Concentric Having  the  same  centre. 

Conspiring  forces Various  forces  combined  into  one. 

Constant  forces Force  without  interruption. 
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ConirtteiiUf^ras Forces  which  decrease. 

Core •  •  •  •   Tbe  internal  mould  which  forms  a  hollow  in 

fovndr]^ :  a8  the  hollow  of  a  tub  or  pipe. 
Couniersink  •  •  • •  To  take  off  the  edge  round  a  hole  to  let  in  a 

ecrew*bead^  that  it  may  be  even  with  the 

surface. 
Couplings.  ••••••••••  To  connect  two  shafts  or  spindles  longitudi- 
nally. 
£oupUng*hox A  strong  piece  of  hollow  iron   to  connect 

shafting  and  throw  machinery  in  aud  out 

of  geer. 
Crank.  *^m  •••.«•••••   A  bent  part  of  a  shafts  by  means  of  which 

a  rectilinear  motion  is  gained. 
Crow-bar,  •  •  • A  strong  bar  of  iron  used  as  a  temporary 

lever, 
CroumHoheel » .  ••••••   A  wheel  which  has  teeth  at  right  angles  to 

its  cadii. 

Cycloid,.  • A  geometric  eurre. 

Cylinder t  •  •  • .  • A  umg  round  body ;  a  roller. 

J)am The  bank  or  wall  which  pens  back  the  water 

in  a  mill-head. 
d}aia»  ••«•••«••••.••   Facts  from  which  we  may  deduce  results. 
Decimetre,  •••«»••»••   To  measure  by  tenths. 
JDent ..« ••  The  wire  staple  which  constitutes  the  tooth 

of  a  card. 
DeM  ••«••«. ••«*h««  A  machine  for  dividing  rags  or  cotton  in  the 

first  process  of  the  manufacture  of  paper 

or  cotton. 
JDiameter*  •  .•••••.••  The  line  which  passes  through  the  oentre  of 

a  circle. 
/)m.  ••« • Pieces  of  steel  for  cutting  screws^  having  tiie 

threads  countersunk  on  them  :  a  stamp. 
Doffer.^.  •••« That  part  of  a  carding  machine  which  tak  s 

the  cotton  from  the  cylinder. 
Dqfing^plaU  •••«••••  The  plate  which  receives  the  cotton  from  the 

doffer. 
Dog •••«•••••  Apiece  in  small  machinery  which  acts  ai 

a  pall. 
Draw-plate A  steel  plate,  having  a  gradation  of  conical 

holes,  through  which  metals  are  drawn  to 

be  reduced  and  elongated. 

Drench To  wet  or  inundate. 

Drill-bow • A  small  bow  moved  by  hand  to  impart  mo* 

tion  to  a  drill. 

Drum , A  hollow  cylinder. 

Ductile.  • . , Malleable  and  soft. 

Eccentric . ,  •  • Deviating  from  the  centre ;  as  cambe^  at- 
tached to  the  rim  or  circumference  of  « 

ehaft  for  lifting  foige  hanmerB;,  stampers^ 

i&C. 
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^eethe^hmi The  real  bead^  or  that  which  can  be  applied 

to  practice. 

Iffflueni.,*. ••  ••  FlowiDg  from ;  raDningoat. 

^^Mjf........  •  ••••  The  act  of  flowing  oQt. 

JEpic^eUM^m* ••••#•••  Tb^  cerve  deacribed io  the  air  by  a  point  on 
the  circumference  of  a  drde,  when  tliia 
circle  rolls  on  another  circle  as  ita  baae. 

BquiUbrmm*  •••••«••  That  peculiar  state  of  rest  19  wbidi  a  body 
is  maintained  b^  the  force  of  gravitatioo, 
when  the  qoantity  of  matter  in  it  is  ex- 
actly eqnal  on  each  side  of  the  bar  or  point 
on  which  it  is  supported* 

Btcapemeni ,••  The  part  of  a  clock  or  watdi  movement 

which  receives  th^  force  of  the  spring  or 
weight,  to  give  moUon  to  the  pcndnlnm  or 
Dal^ce, 

Facerftlu  ioolk The  cnnred  part  of  atooth  which  impnta 

impulse  to  another  wheel 

Fagg9t ^^  •  ••  •  •  •  Pieces  of  iron  bonod  together  for  n*mann^ 

factare. 

fan •• Small  vapes  or  suls  to  receive  the  impalse  of 

the  wi|id,  and>  by  a  connexion  with  mar 
chinery,  to  keep  th^  large  sails  of  a  smock 
wiod-miil  always  io  tha  direction  of  the 
wind :  an  instrument  to  winnow  com  j  also 
to  decrease  speed  by  its  action  on  the  aifr 

female^screw The  spiral  threaded  ca>'ity  in  which  a  screw 

operates. 

fVg •••••«•«  A  tool  used  by  smiths  for  the  abraa&on  of 

metals;  denominated,  according  to  its 
fineness,  ropgh,  bastard,  or  smooilu 

flrsi-numer  •••••••••  Power*  either  natural  or  artificiaL 

Flanch •••••  Aq  edge  or  projection  for  the  better  connexion 

of  piping  or  castings  of  any  deacrip^n. 

ffanh  of  the  iooth The  straight  part  of  a  tooth  which  rooeifea 

impulse  from  another  wheel. 

HoaU The  board  which  receives  the  impulse  of 

the  water  either  in  breast  or  undershot- 
wheels. 

Ifoodgaie.».^^»»»^  ••  A  strong  framing  of  timber  to  pen  backer 
let  out  water. 

Flux Ingredients  put  into  a  smelting  furnace  ta 

fuse  the  ore  of  metals. 

Fty^wheeL A  heavy  wheel  to  maintain  equable  motion. 

foot-brake,.  • A  machine  used  in  the  flax  manufacture. 

Forge «   A  manufactory  in  which  metals  are  made 

malleable ;  a  furnace. 

JFbrj'e ••••• ^..^  To  form  by  the  hammer. 

Friction.  •••••••••«,•    Inequality  of  surface  -,  act  of  rubbing  together^ 


'Sriskei*m «••  An  iron  frame  vaed  in  priDting  to  keep  the 

sheet  of  paper  on  the  tympan»  and  to  pre* 
Tent  the  margin  from  being  blacked. 

Fulcrum  ••••••»«••»•  The  point  or  bar  on  which  a  lever  rests, 

GeeriMg.  • • Part  of  miU»work. 

G^6ei  .  m... •••  That  part  of  a  crane  which  sustains  the 

weight  of  goods. 

Gig*miU AmilT  in  which  the  nap  of  wooUen  doth  Is 

raised  by  the  application  of  teasels. 

Girder.  ••••••••••••  The  largest  timber  inafloor. 

Giri Fide  Gn^. 

Graoity • Tendency  towards  the  centre  of  the  earth  : 

weight 

Gripe,  ^  •••• A  pliable  lever  which  can  be  pressed  against 

a  wheel  to  retard  or  stop  its  motion  by 
friction. 

Gevemor  •••%«••••••  A  pair  of  heavy  balls  connected  with  ma^ 

chinery  to  regulate  the  speed  on  the  prin- 
ciple of  central  force. 

Gudgeon  ••»••••••••«  The  centres  or  pivots  of  a  water-wheeU 

Half'Sti^*  ••••••••••  This  term»  in  general^  implies  any  thing 

half-formed  in  the  process  of  the  maon- 
fttctnre 

Heuidw  Meddle fli/e  Heddle. 

Heckle  •••••••••••••   A  metal  comb  for  the  manufacture  of  flax. 

HeddU  ;* • That  portion  of  a  loom  which  imparts  mo« 

tion  to  the  warp  of  a  web  during  the  pro« 
cess  of  manufacture. 

Halve..  ••••••  t*»»«««  The  shaft  of  a  forge  or  tilt-hammer. 

Hopper*  ••••••••••••   Afunnelin  which  grain  is  deposited,  whence 

it  runs  between  the  stones  of  a  flour-mill. 

Horology  \  ••«•••••••  The  art  of  constructing  machines  for  mea* 

suring  time. 

Hydaraulkitm  •^•••9^9  The  science  which  treats  of  the  motion  of 
fluids,  of  the  resistance  which  thejr  oppose 
to  moving  bodies,  and  of  the  vanous  ma- 
chines in  which  fluids  are  the  principal 
agent, 

Hydrodynamki*.  •  •  ^  The  science  which  embraces  the  phenomena 
ei^hibited  by  water  and  other  fluids,  whe- 
ther they  be  at  rest  or  in  motion  :  it  is 
generally  divided  into  two  heads,  hydfOr 
statics  and  hydraulics. 

Hydrostatics. *.•€».. 9  The  science  which  considers  the  pressure^ 
equilibrium,  and  cohesion  of  fluids. 

Impact  .•«»«.»«y...f   Traosmission  of  force. 

Impinge To  dash  against 

Inertia,  •»« ••  That  tendency  which  every  pieoeof  mMte^F 
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baft,  wben  at  refti,  U-»eniftiD almt;  mA 

whea  in  motion^  to  contiaue  that  motion. 

JnVacno Empty  space,  void. 

Isochronal Of  eqnal  duration. 

Isochronous.  •  •  •  • The  vibrations  of  a  pendalnm. 

Jenney A  machine  used  in  the  proeesnoC  the  ooCtaa 

manofactnre. 

Jib r«itf  Gibbet. 

XUn A  place  where  briclcs  are  barnt. 

Kink  or  Kinkle. ITie  entangling  of  cordage  from  overtwittiiigi. 

LaieraL  '. A  horizontal  or  lengthwise  movcmentr 

Lathe Machine  nsed  by  torners. 

Lantern A  wheel  with  staff-teeth;   the  tmndle  or 

wallower. 

leaves,.. The  teeth  of  a  i^nion. 

Lever One  of  tlie  mechanical  powers. 

lAne  of  centres A  )me  drawn  from  the  centre  of  one  whcd  te 

the  centre  of  another  when  their  ctrcom* 

ferences  touch  each  other. 

Locomotive,  • .  ^ The  power  of  changing  (daoe* 

Loom •••  A  machine  nsed  by  weavers  in  the  making  oC 

doth. 

Machinist , One  who  makes  machines. 

Mandrel •••  Part  of  a  lathe ;  Coae  nse^I  bjr  amitlis ;  a 

cylindrical  piece  of  poli^ied  iron  or  sted 

pnt  down  the  core  or  hole  of  a  pipe  daring 

the  process  of  elongation. 

Mastering,  • ..  • Preparation  of  lime  used  by  tanners. 

Matrice,... The  concave  form  of  a  kttci  in  wUch  tiM 

types  are  cast. 
Maximum ••••••   Is  the  utmost  extent  of  any  movement  or 

power. 
Mechanist.  ••••••••••  One  acquainted  with  the  laws  of  mechanics. 

Mill-head, The  bead  of  water  which  is  to  torn  a  miU. 

Mill-tail, ••••••  The  water  which  has  passed  through  the 

wheel-race ;  or  is  below  the  mill. 

Minimum • The  reverse  of  maximum. 

Momentum  •  •  •  • The  force  possessed  by  matter  in  motion. 

Monkey A  weight  or  mass  of  iron  let  fall  froa  % 

height  to  drive  piles  into  the  earth. 

Mortise A  joint. 

Movement. « •  • « The  working  part  of  a  watch  or  ckick* 

Nave^ The  centre,  or  that  part,   Qf  a  wheel  in 

which  the  spokes  or  arms  are  fixed. 

Nealingi,..^ ^    ^(/e  Annealing. 

Nippers, .••••.••••••  Pincers  with    cutting   edges  for    dividb|g 

metals. 

Nitricacid A  corrosive  acid  extracted  from  nitre. 

Ouse , Prepajratiou  of  bark  used  by  tanners. 
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Overshoi'Wheel,  ••••••  A  wheel  which  receives  the  water  ia  buckets 

at  not  more  than  45  degrees  from  the 
apex. 

Gxyd. • •   A  combination  of  oxygen  with  a  metallic  or 

other  base. 

Oxygen • A  gas  which  supports  combustion 

Paddle  ..•••• A  kind  of  oar  j  floats  to  a  wheel. 

Pall. • A  small  piece  of  inetal  which  falls  betWeeA 

the  teeth  of  a  ratchet-wheel,  to  prevent  a 
load  which  has  been  raised  from  descending 
when  the  operative  power  is  removed. 

Pallet ••••  That  part  of  a  watch  or  clock  escapement  on 

which  the  crown-wheel  strikes. 

Peitdulum A  weight  suspended  by  a  fleuble  cord  to  an 

axis^  so  as  to  swing  backwards  and  for- 
wards, when  once  raised,  by  the  force  of 
gravitation. 

Periphery The  circumference  of  a  wheel* 

Perpendicular •  •  •  At  right  angles  to  a  given  base* 

Pick •«  A  chisel  for  dressing  the  stones  of  a  floar- 

miU. 

Piie  ..«•••«• A  large  piece  of  timber^  pointed  at  one  end, 

to  drive  into  the  earth  to  sustain  the  pien 
of  bridges,  &c. 

Pin To  strike  a  piece  of  metal  with  the  narroir 

end  of  a  hammer  to  form  dents  and  pro- 
duce  elongation. 

Pincers A  tool  formed  by  placing  two  levers  on  one 

fnlcmm,  regulated  by  a  screv-movemeBt, 
for  holding  bodies  firmly. 

Vinton • . .  •  A  small  toothed  wheel* 

Pirn The  woun4  yarn  that  is  on  a  weaver's  shuttle. 

Piston^. ••••••  A  plug  made  to  fit  tight  and  work  up  and 

down  a  cylinder  in  hydraulic  engines. 

Pitch-lines.  • •«   The  touching  circumferences  of  two  wheels 

which  are  to  act  on  each  other. 

Pitch  of  the  wheel,  ^ . . .  The  distance  from  the  centres  of  two  teetb^ 
measured  upon  their  pitch  line. 

Pivot A  short  shaft  on  which  a  body  tame  or  vi» 

brates. 

Platina A  white  metal  capable  of  withstanding  great 

heats. 

Plieri «  .  •  • .   A  small  tool  constructed  similarly  to  pincers. 

Plumb ^. . .  •  •   A  leaden  weight  suspended  by  a  cord  to  as« 

certain  the  perpendicular. 

Plunger, A  body  that  is  forced  into  a  fluid  in  hydrau- 
lic engines,  to  displace  its  own  weight. 

Portable  steam-engine .  A  steam-engine  buUt  in  a  compact  forn« 


and  not  attfMshed  to  the  wall  of  tbe  boikU 
log  in  which  it  works. 

Proportional  circles*  »•    Pide  Pitch-lines. 

FroportioHMl  radii* » m^  The  radii  of  two  circles  whose  dieom- 
ferences  are  in  contact. 

Puddling The  act  of  rammiDg  with  day  to  arrest  tliB 

progress  of  water. 

Puddiimg*fmrmace*9.»»  A  famacensed  in  the  iron  mann&ctares. 

Pulley •••  A  small  wheel  OTer  which  a  strap  is  passed. 

^MhHc/. A  French  or  Spanish  weight  eqnifalrat  to 

lOOibs.  of  those  respjective  nations. 

BdltiiorBap-ii,^*,.*  The  strong  wooden  spring  against  whidiUio 
forge  hammer  strikes  on  its  ascent. 

Mace. •«••  The  canal  along  which  the  water  is  etmFeyed 

to  and  from  a  water-wheel. 

Rack.*** A  straight  bar  which  has  teeth  nmilar  to 

those  on  a  toothed  wheel. 

Eadiu. ••• The plnral of  radius; 

Radius • The  semi-diameter  of  a  circle ;  the  arm  or 

spoke  of  a  wheel. 

Ifasp,,^ A  si^ecies  of  Ale,  on  which  the  cutting  pro* 

minences  are  distinct,  bong  raised  by  a 
point  instead  of  an  edge. 

Rasure  •• •••••'  The  act  of  scraping. 

Batch • A  oar  containing  teeth  into  which  the  pali 

drops  to  prevent  machines  rnnningbadc. 

Batcket-wheel, A  wheel  having  teeth  similar  to  time  of  » 

ntch. 

Beciproeaiing*:* Acting  alternately. 

RectiUnear  or  RectiUnealCou%i%\xug  of  right  lines. 

Reed*  ..^^ ,«  Part  of  a  loom  resembling  a  comb  for  divid- 
ing the  warp. 

Rtpdaior* «, ,«  A  small  lever  in  ^atch-work,  which^  by  be- 
ing moved,  increases  or  decreases  the 
amount  of  the  balance  spring  that  is  al- 
lowed to  act. 

JM. ••••••••  A  frame  on  which  yarn  may  be  woond. 

Reeling ••••«••   The  act  of  winding  yarn  on  a  reel. 

Resohaian  ^  Forces.  ••   Vide  "  Of  the  Actioh  of  Forces/'  page  5. 

Reservoir .****  A  large  basin  or  conservatory  of  water. 

Reverberator^  ••••••«   Beating  back. 

Reverheratory-fumace.   A  furnace  used  in  the  iron  and  copper  manii-' 

i  factures. 

iZivel.»«««» •••«  To  form  a  head  by  the  percussion  of  a  ham* 

mer,  to  prevent  a  piece  of  metsl  which  has 
been  passed  through  an  orifice,  to  cob* 
nect  things  together,  from  returning. 

£oller»gin*.^^  ••#•?«,  A  machine  to  diyest  cotton  of  the  hnsk  «id 


Af>l>BN1>IX.  781 

Other  superfluous  parU^  previous  to  th* 
oonsmencemeot  of  tiie  manufacture. 

IhtiBiory Revolving. 

JBott^oiu.  • •  •  •   Cotton  in  that  part  of  the  manufacture  be« 

fore  it  goes  to  the  roving  frame. 

Ruhher  ••••••• A  heavy  file  used  for  coarse  work. 

Ruhhle •  A  mode  of  buildiog ;  vide  Masonry,  page  537. 

jRyjid  •••• The  piece  of  iron  that  goes  across  the  faol^ 

in  an  upper  mill-stone. 

Sa/eiy-^alve.  •  •  • A  valve  which  fits  on  the  boiler  of  a  steam- 
engine  to  guard  against  accidents  by  the 
Steam  obtaining  too  high  a  pressure. 

SaW'gin  ••••••• A  machine  on  the  principle  of  the  roller-gin. 

Scantling   •  •   The  length,  breadth^  and  thickness  of  any 

solid  body  taken  lineally. 

Scapement •  •  •  •    Fide  Escapement. 

&:o/cAtng  ••••••••  ••  The  operation  of  packing  hemp  before  it 

goes  to  the  market. 

Scoria •    Slag  from  a  smelting  furnace. 

Scowering  Barrel An   octagonal,  or  other  shaped  barrel^  in 

which  scrap-iron»  &c.  is  cleansed  from  rust 
by  friction  as  it  revolves. 

jScrap-iton* ••  Various  pieces  of  old  iron  to  bd  i^e-mann- 

factured. 

Strew. ^ •   One  of  the  mechanical  powers. 

ScribbUr-Engine » ,.. .,  An  engine  used  in  the  process  of  the  cotton 
manufacture. 

JShqft  •• • A  long  piece  of  wood  <»*  metal,  on  which 

large  wheels  are  fixed  »  miil-«rork« 

Sheeve  • A  small  kind  of  pulley. 

Shmdder. •  •  • «  A  support  by  means  of  a  prcjection  from  ft 

surface. 

Shrouding The  boards,  &c.  which  form    buckets   of 

water-wheels. 

Shuttle An  arrangement  to  allow  or  shut  off  water 

from  a  water-wheel ;  a  small  piece  of 
wood  which  carries  the  thread  in  weaving. 

&SU  •  • • ..  •  Gelatinous  matter  made  from  animal  or  ve- 
getable substances,  and  applied  to  fibroua 
materials  to  impart  stiffness. 

Slag /•  • ..  ^  • «  #  •    Scoria,  or  refuse  from  an  iron  furnace.^ 

Sledge-hammer  ••••••  A  heavy  hammer,  used  by  a  smith  with  both 

hands. 

Slip Potter's  clay  of  the  requisite  consistency. 

Sluice Vent  for  water ;  a  kind  of  flood-gate 

Snail^movement An  eccentric. 

Solder, • »•.«  .«  Various  compounds  of  metals  fof  conjoining 

other  metals  that  are  less  fusible  than  such 
compound. 
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SporabUt From  spurrbw-bill,  small  nails  to  drive  intc 

•hoes. 

Spatula.. • •••   A  thin  knife,  used  mostly  to  extend  anperw 

ficially  some  semi-fluid  matter. 

Spindie ^ A  thin  piece  of  wood  or  steel  on  which  yam 

is  wound  after  it  has  been  twisted  :  a  small 
kind  of  shaft. 

Sp9ie$» The  radial  pieces  which  connect  the  periphe- 
ry of  a  wheel  with  its  centre-piece  or  nare  : 
this  term  is  only  applied  to  carriages. 

Spring An  elastic  body  formed  of  metal  or  wood. 

SpringHirhwr The  arbor  or  spring  ronnd  which  the  main 

spring  of  a  watch  is  wound. 

Spring-box. ...» The  box  which  contains  the  main  spring. 

Spur-geer •   Wheels  whose  axes  are  parallel  to  each  other. 

Spiice To  conjoin   lengthwise  two  flexible  pieces  : 

by  the  interposition  of  their  respective 
parts*  so  as  to  maintain  them  in  conjunc- 
tion by  friction. 

Staffi The  teeth  of  a  tmndle^  lantern^   or  wal'^ 

lower. 

Siaking^on To  drive  wedges  in  the  bosh  of  a  wheel  or 

pulley,  to  fix  it  firm  on  a  shaft  or  spindle. 

Start  wr  Strut •   The  partitions  which  determine  the  form  of 

a  bucket  in  an  over-shot  wheel  -,  the 
shoulder  or  wrest. 

Staves. The  plural  of  staff. 

Steam-boat. .  • .  • A  boat  moved  by  steam  power. 

Steam-engine  .•.•••••*  A  machine  for  applying  the  force  of  steam 
to  create  motion. 

SteeUyard  •••••••..•  A  machine  which  denotes  the  weight  of  bo- 
dies by  placing  them  at  different  distances 
from  its  fulcrnm. 

Stereotype" The  art  of  casting  solid  plates  from  movable 

types,  to  print  from. 

Strike  .,  • .» A  thing  used  to  strike  any  thing  level  in  s 

measure :  the  strickle. 

StraU The  plural  of  stratum. 

Stratum •   A  single  la^er  or  bed  of  any  one  thing. 

Stuff ...•«••.•   This  term  is  applied  to  an  infinite  Tariety  of 

things  )  wood  is^  by  the  carpenter,  calM 
stuffy  so  is  lime  and  hair  by  the  briddayerj 
and  plaster  by  the  plasterer,  &c. 

Swa£ .., An  unequal  or  hobbling  motion. 

Swyis  ..••..•« The  rapid  movement  in  a  carding  machiae. 

Swingling Fide  Scotching. 

Swing'tree  ...» Any  beam  that  vibrates. 

Swivel. •• ..••••  A  thing  fixed  in  another  body  to  turn  roumd 

upoL. 
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Jl^hm i>   A  bent  tube  with  nnequai  legs  through  whidi 

a  fluid  will  fiow  by  the  force  of  gravity. 
Ttil^water *    Water  which   impedes  the  nvater- wheel  io 

mill-work. 

Tank •••••»»•   Reservoir  for  water^ &c. 

Teasels  •••••••^i*«.«.  lliistles  used  to  raise  the  nap  of  cloth  in  the 

gig-mill. 

Tenon »••«•••   That  part  which  fills  up  the  mortise. 

TiU'kfLmmer  .^^^ A   hammer  lifted   by  machinery,  to  forge 

iron  or  steel. 
Tre^idk  .••«#•••••«•,  A  lever  affixed  to  a  crank  which  commnnir- 

cates   motion    to  machinery  by   a    foot 

movement. 

Thrwifsting,  •  •  •  • Sfunniug. 

Triblet VideUmdrA. 

Truckfes  .•».••«••»«••   Small  rollers  for  diminishing  friction. 
Trundle ••   A  am  all  wheel  with  staff  teeth;    the  kn* 

tern  or  wallower. 
Tuyere  ^  Tue^irw,  ••  An  oriAce  through  which  a  blast  or  atrong 

current  of  air  is  passed  into  forges 

Tympan ..#.«  That  part  of  a  printing-press  on  whieh  the 

paper  is  laid  to  roccive  the  impression. 

Undershot-wheel A  wUeel  acted  on  by  water  below  its  centre. 

Vacuum,. Void  of  air. 

A^/t*e  •••••« A  cover  to  aa  aperture*  in  hydraulic  mar 

chinesy  to  prevent  fluids  taking  a  wrong 

course. 
Vane  .•••••••«••••••   A  flat  surface  capable  of  being  moved  by  the 

curreni  of  a  fluid  \  as,  for  instance^  the 

vanes  of  a  windmillj  moved  by  the  wind. 
Tappets ,••   Projections  on  the  plug-tree  of  a  steam-en- 
gine which  open  and  shut  the  valves  at 

proper  intervals. 
Varnish ••••   A  solution  of  certain  resinous  bodies  in  spi- 
rits or  oils,  which  assumes  a  solid  form  on 

dissication. 
Velocity  •«• The  measure  of  quickness  with  which  a  body 

moves. 

Vertical • Perpendicular  to  the  horizon. 

Vibration Rxpid  alternating  motion. 

Virtual  head,, ,^  llie  real  or  efi*ective  head. 

Vis-^inertia •  Vide  Inertia. 

Wabble  ••• A  hobbling  unequal  motion. 

Wallower Small  wheel  with  staff  teeth;  the  trundle 

or  lantern. 
Warp The  layer  of  threads  which    extends  tne 

length  of  the  piece  to  be  woven. 
Washers  ••••••••••••   Small  pieces  of  metal  placed  under  a  nut  to 

reduce  friction. 
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Waief^kid A  ^htt\  which  reodTes  ito  inpiike  firariki 

water. 
Wtaikerimg  *.^^ The  angle  at  which  the  sails  of  a  windmill 

are  set,  to  receive  the  impolseof  the  wind. 
Wedge An  angularly  shaped  piece  of  wood  or  me- 
tal ;  one  of  the  mechanical  powers. 

IVeft rii/e  Woof. 

Weight *••••  The  measure  of  the  amovat  of  the  attraction 

of  gravitation  in  any  body  compared  Untik 

that  of  other  bodies. 
Welding  *••••«••••••  The  property  of  conjunction  possessed  by 

some  metus  at  high  temperatures. 
Wheel  and  Axis  ••••••   One  of  the  mechanical  powers. 

WheeUrace The  place  in  which  a  water-wheel  is  fixed. 

Whip^.. ., ••••   To  bind  two  rods  together  with  small  twine  : 

the  length  of  the  sail  of  a  windmill  meik- 

sured  from  the  axis*  •  •  • 

Whirl •  A  rotatory  motion  i^ith  a  decreasing  speed. 

Wimck  •••••«.«4 The  lever  or  handle  to  which  force  is  apfJied 

in  machines  turned  by  manual  labour. 

Wiper..  ,, ••  An  eccentric. 

Wire-draw To  reduce  any  longitudinal  body  exceedingly 

in  the  transverse  section :  rapid  passage 

of  a  fluid  through  a  conical  orifice. 
Woof. .••••••••   Those  portions  of  thread  or  yarn  la  cbtb> 

which  lie  across  the  length  of  the  warp. 
Wrest  or  Wrist  ••«•••  The  partitions  which  detennine  the  form  of 

the  bucket  in  an  oveiahot  wheel ;   th« 

start  or  shoulder. 
Yam #••••  The  combination  of  fibrous  matoriails  into  » 

linear  form  by  torsioa. 
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large  way  ,,••...  719 

Amber  yarnish  ....<.  741 

Fat,  or  copal 749 
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Anti-attrition 755 

Assay  to,  metallic  ores,        .    .  if. 

in  the  dry  way          .    •    «  ib. 

in  the  humid  way           •    .  750 

Fluxes .  ib. 

Black ib. 

Crude  of  white      ...  t^ 

Cornish  reducing  ,    .    •  t6. 

Cornish  refining     •    .    .  tfr. 

Antimonial  ores    ....  760 
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antimony       ....  ib. 

Arsenical  ores      .    •    .    •  ib, 
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Cinnabar,  in  the  humid  way,  762 
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Ores  and  earths  contain* 

ing  ......    •  764 
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in  the  humid  way       .    .  ib, 

Ijeadores    ......  758 

in  the  humid  way       .    .  759 
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in  the  humid  way       .    .  ib. 
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Barker's  mill 92 

Batter       879 
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Bricklayings  vide  Bnilding 
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Bronze 718 
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Clamps 533 

Ciay-miU ib% 

Kiln    .......  534 

Bricklaying    ......  547 

Mensuration  of  Bricklayers' 

work        ......  550 

Steining  wells       ....  549 

Tables  to  assist  in  calcula- 
tions           656 

Walling 547 

English  bond     ....  t&« 
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Common ib. 

Principal        ....  571 

Queen- Posts      ....  572 

Roofs 573 
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work         579 
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Practical  Observations  .    .  570 
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£ach  prere 562 
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steps ib. 
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Trussing t^. 
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heavy  weights   ....  568 

Walls,  timbers  inserted  into^  568 
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work        6:10 
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linder       586 
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To  bend  a  board  so  as  to 
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of  the  friistrnm  of  a  cone  .  587 
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an  angle 589 
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Doors)  bead  and  flush    .    .    590 
Hanging        ......      «A. 

Jib 589 

Hand-rails        599 

To  drawtbeseroU      .    .    598 
To  describe  the  section, .    599 

Hinging 591 

Hanging  doors,  shutters, 
and  Saps,  vrith  hinges    •      t6. 
To  hang  3  flaps,  so  that 
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shall  be  at  a  certain  dis- 
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a  wimlow-shutter       .     .     593 
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is  placed  on  the  contrary 
side  of  the  rebate       .    .      ib. 
To  construct  a  joint  for 
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tres       ib. 

Sa^h-frames,     sashes     and 
abutters    ......     592 

Stairs 593 

Bracket 595 

Dog-legged 597 

Geometrical       ....     596 

Ditto 598 

l*o  draw  the  scroll  of  a 

hand-rail ib. 

To  draw  the  curtail  stepa       ib. 
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a  hand-rail   •    .    .     .     •      ib, 

'  Masonry 5S6 

Arching 541 

Definition    of  arches    and 
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Mensuration  of  masons'  work  543 
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Painting 630 

Mensuration  of  Painter**  work  ib. 
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Stucco 617 

Plnmbiog 628 

Lead 629 

Sheet 630 
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Slating 62] 

Metisoration  of  Slaters*  work  637 

Carpentry,  vide  Building 

Centrifugal  force '4 

Centripetal  force     .....  ib. 

Chain  of  backets 86 

Chain  pump   • 267 

by  Cole ib. 

reversed 86 

Cliinese  sheet  lead 527 

Chronometers 507 

Cider-press 291 

Clock 486 

with  three  wheels  and  two  pi- 

nionsi  by  Dr.  Franklin       .  490 

by  Ferguson   .    .    .  i^. 
Ibr  exhibiting  the    apparent 
daily  motions  of  tliesun  and 

nioon,  state  of  the  tides,  See.  492 
Striking  part  of  au  eight  day 

clock 496 

Description  of  curious  clocks  497 
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Composition  of  ancient  statues  713 

Copal  varnish,  camphorated,     .  739 

Colourless       788 

Ethereal 740 

Fat. 737 
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Oold-coloared 788 

Turpentine »  740 

U'bite 731 
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Roving  Billy 
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Drawing 
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Mule  spinning  frame      .    . 

Roving  frame      •    .    .     . 

Stretching  frame  .    •    .    • 

Picker       

Roller  gin  ....... 

Saw  gin • 

Water  spinning 

Reel  "^    .    : 

Spinning  frame     .    .'   .    . 

Throstle 

Coupling.  Boring  Mill  clutch    . 
Boulton  and  Watt's  coupling 

link 

Clntches  or  Glands  .    .    •    . 

Self-easing  coupling     .     .    . 

Square,  with  double  bearings . 

one  bearing    %    •    . 

Round • 

Crane 

by  Bramah 

Ferguson 

Padmore     »...«. 

Foot • 

Movable,  by  Kier    .... 
Cycloid,  to  describe  the,      .    . 
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Drawiog«  or  writings,  ke,  to 
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sandarac  varnish  for,     .    .  744 

To  vamisbf      .    .    .    ,    .  747 

ElabticCuv,  to  dissolve    .     .  73S 
Engravings  on  copper,  metallic 

casts  from       71s 
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»  Eqoalising  the  motion  of  machi- 
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Governor  for  steam-engine  36 

Water-wheel  .  37 

Ditto    ...  113 

Wind-mill       .  124 

Tachometer  by  Donkin  39 
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Escapement       515 

fiecoiling s\6 

by  Cnmming' 517 

for  watch s\B 

by  Pryor  • 519 

Kcid 521 

De  ia  Pons 524 

File-cutting  Machine  ...  314 

Fire-engine  by  Newsham     .     .  277 

.     by  Rowntree.    .    .  281 

Flax  manufacture        ....  400 

Brake 40I 

Flax-mills        403 

Foot  brake      ......  401 

Hackle 402 

Hipplingcomb 403 

Spinning  by  Kendrew  and  Co.  405 

Clarke  and  Bngby    .    .    .  ib, 

Fioor-niills    . 143 
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by  Smart     .....'  I60 
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Millstones 144 

Observations 143 
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Gold,  green,  to  heighten  the  co- 
lour of tfr. 

Gold,  red,  ditto ib. 

Gold, yellow, ditto      .     .    .  '.  tfr. 

Golden,  or  fat  turpentine  var- 
nish          74« 

Gravity,  of  the  centre  of       •    •  15 

Gnn  barrels,  to  brown     .    •    .  731 

Gun  metal 710 
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Description      of    curious 
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by  Delarons  •  . 
Pendulum  .... 
Gridiron,  by  Harrison 
Lever  by  Ellicott 
Mercurial  by  Graham 
Tubular  by  Reid 
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Lever 7 

Pulley 11 

Screw 13 

iveflge  •     •••,••••  S9« 

Wheel  and  axle     .....  10 

Simple  combinations  of  the*  .  16 

Mensuration  of  Superficies    «    •  688 

Solids  .    •'  .    •  697 

Metal  for  flute  key  valves     .    .  711 

Metallic  casts  from  Engravings 

on  copper       ......  719 

Ores,  to  assay,        ....  765 

in  the  dry  way      ....  ib. 

in  the  bomid  way      .    .     .  756 

Watering,  or  for  Blanc  Noire  727 

Mill-geering       90 

To  describe  the  cycloid  and 

epicycloid        91 

Couplings 30 

Boring-mill  dntch     .    •    •  1 31 
Boolton  and  Watt's  coop. 

ling  link 32 

Clutches  or  glands    ...  31 

Round 50 

Square  with  double  bearinga  ib, 

with  one  bearing    ...  ib. 

Self-easing  coupling       .    .  5i 

Universal  joint      ....  39 

Double  universal  joint  •    .  ib. 
Dis-engagiog  and  re-engaging 

machinery •&. 

Bayonet 55 

Fast  and  loose  pulley    .  ib. 

Friction  clutch     ....  54 

Friction  cone       ....  tft. 

Lever 53 

Self-disengaging  coupling  55 

Sliding  pulley 55 

TiRhiening  roller      ....  34 
Equalizing  the  motion  of  ma- 
chinery      55 

Governor  for  steam  engine  36 

water-t»l^ .  37 

ditto   ...  115 

Wind-mill     .  U4 

Tachometer  by  Donkin      .  59 

General  observations     .     .  45 

Teeth  of  wheels       ....  S5 

Spurgeer ib. 

fiievel  ^ecT       28 

Mordant  varnish  for  gilding      •  748 

Mole  spinning 579 

Bobbin  and  flier  roving  frame  585 

Breaker  earding  engine    •    .  580 

Carding  engine ib. 
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MHie-spinning , 

Drawing 

Finisher  eng^lne  ,  . 
Miiie  apinning  frame  • 
Roving  frame  .  .  . 
Stretching  frame     .     , 
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OiL-MiLi:.       .     .     .     ,     .     .    .  447 

Oil,  gilding  on  wood    ....  7tt 

Poppy^  to  give  a  drying  quality  to  736 

Fat,        ditto            ditto  .    .  736 

Besinons,  drying      ....  737 

Ores,  to  assay 765 

in  the  dry  way      .     ,     .    ,  ib. 

humid  way        ....  76d 

Antimonial 760 

humid  assay  of  arseniated 

antimony       ....  ib. 

Arsenical i6. 

in  the  hnmid  way  .    .     .761 

Bismuth  ores        ....  769 

in  the  humid  way   .     .    .  760 

Cinnabar,  in  the  humid  way  762 

Cobalt 761 

in  the  humid  way  ...  ib» 

Cppper        769 

in  the  hnmid  way  .    .    .  t&. 
Gold,  ores  and  garths  con- 
taining        764 

mixed   M'itlj  martial   pj'- 

rites,  in  the  humid  way  766 

Irpn 757 

.in  the  hi^mid  way  .    .     .  ib. 

Lead       758 

in  the  humid  way  ...  759 

Manganese       .....    .    .  760 

in  the  liiimid  way  .    .    .  t6. 

Mercurial 761 

Sulphurated       ....  762 

Nickel    ...,.,..  761 

in  the.  humid  way  .     .     «  t6. 

Sifver 76t 

.by  cn|)elI'dtion  ....  ib. 

in  the  hiinud  way       .    .  763 

Tin 758 

in  the.  humid  way  ...  ib. 

Zinc  ores ib. 

}u  the  humid  way  .     .    .  ih. 

Overshot-wheel 75 

with  forty  buckets  ....  ib. 

Smeatop  s  experiments  on,  79 

by  Burps        84 

Chaip  of  buckets     ....  86 

Chain  pnmp  reversed   -     -     -  ib. 
Method  of  laying  on  water,  by 

Nooaille Ill 

ioYorkabire .112 
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Paintbrs'  crbam      -    - 
Painting,  vide  Building 
Paintings,  camphorated  maatic 

varnish  for     ------  743 

Paper  manufacture     -    -    .    .  S65 

by  DickeusQu     -    ...    -  371 

by  Fovrdrinier        -    -    -    .  j^. 

.Cutting  and  planing  machine  870 

Press  -    ^......-.291 

Paper,  to  gild  the  edges  of,       -  733 
Paper  workx,  camphorated  san- 

darac  varnish  for     -    .    -    -  744 

Parting    --..----  765 

by  aqua  fortis      -----  ih 

by  cementation        ....  766 

in  the  humid  way     ....  f^. 

Paternoster  work        ....  331 

Pendulum    -    -    .    -     .    -    .  525 

Gridiron,  by  Harrison       -    .  527 

Lever,  by  tllicott    -    -    -    -  ih. 

Mercurial,  by  Graham      -    -  526 

Tubular,  by  Keid    .    -    .    .  599 

by  Trouxhton     -    -  5S8 

by  Ward  -    .    -    -  529 
Sympathy  of  the  pendulum  of 

clocks       --.----  ,'5^ 

Peuatock  by  Quayle  -     -    -    -  109 

Smeaton     -    -    -  110 

Persian  wheel    ..,..,  2S0 

Pewter,  common t\t 

best ib. 

hard t&. 

Pi<^ker 379 

PUe  engine  by  Vaulou6     .    -    .  309 

by  Bunce        .     .     .  S\0 

Pinchbeck     . 708 

Plaster  figures,  to  bronze      .     .  731 

Plastering ^06 

Cornices 615 

Fine  stuff        611 

Gauge  stuff        t&. 

Lathing         . i^. 

Lathing,  floating,  and  set  .    .  613 

Lathing,  laying/and  set    .    .  ib. 

Laying            jft. 

Lime  and  cement          ,    .    .  607 

Lime  and  hair          ....  610 

Parker's  cement       ,    .     .     .  618 

Plaster  of  Paris        ....  609 

Pricking  up         612 

Rendering  and  set        •     .    •  613 

Roughcasting  614 

Scagliola          615 

Stucco 617' 

Plate,  to  iron 726 

) Mated  metals,  to  assay     ,     .     .  764 

Platina,  mock 7iS 

Platinnin,  useful  alloy  of  gold 

.  with ib. 
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Pace. 

Pimnbinf 6211 

Lead €99 

Sheet 630 

Coveripg  roof*  with,'      .    6S3 

Pipes  ib. 

Meninratioo    of     plambere' 

work      .    » 695 

Piimpt •&. 

Pneumatic  or  ▼aeirom  engine  .  Si 6 
Poppy  oil,  to  giire  a  dry  «{oaltty  to  755 
Porcelain  and  giaiSy  to  gild  •    .    720 

.    Pottery 456 

Bamboo  eolonred     ....    483 

Black  Egyptian i6. 

Black  printed 475 

Bine  printed 482 

Ditto 469 

BiAcnitoven 468 

Biftcnit  painting  ....  469 
Cream  coloured  ....  480 
China,  Felspar.   .         ...    479 

Iron-stone       ib. 

Drab  coloured 484 

Engine  lathe 464 

Felspar  China 479 

Fine  red 48« 

Flint  mill 4.58 

Frit 47S 

<lilding 475 

Olaies 471 

Iron-stone  China     ....    479 

Jasper 483 

LoBfre  ware 476 

Lnstre  Black tfr. 

Porcelain 478 

Red  by  Meigh 477 

Fine 48f 

Riley's  black  lustre  ....    476 

Slip  kiln 459 

Stone  China  .?....  479 
Throwing  wheel  .  .  . '  .  461 
Taming  Lathe         ....    463 

Press 991 

Bank  Note,  by  Bramah    .    .    305 

Cider «9l 

Doable,  bj  Peek  .  .  .  .  «91 
HydrostaUc,  by  Bramah    .    .      t6. 

Paper-mill 191 

Printing,  by  Bacon  and  Don- 

kin 301 

byDeffeine  .  .  .  «98 
by  Ruthven  ...«&. 
by  Stanhope        .    .    f94 

Prince's  meul 708 

Printers' types 711 

Stereotype  plates  and  small 

types f6. 

Printing  press,  vide  Press 

Pulley,  the 11 


Queen's  metal 
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Rack  and  Pinion S7 

Rail  Roads  and  locomotive  en- 
sines      643 

by  Palmer 644 

Losh  and  Stephenson    •    .  A. 

Birkensbaw 650 

Losh 651 

Blenkinsop 654 

Branton      ......  655 

Sylvester's  report  on  .    .    .  656 
Suvenson's  and  Wood's  ex- 
periments       66S 

Roberts's  experiments   •    •  664 

Stationary  engines    .    •     .  670 

Ramsden's  dividing  madiine      .  315 

Receipts,  useful 707 

Red  gold,  to  heighten  the  colour 

of 7t4 

Roller  gin 378 

Rope  manufacture 4t6 

Beetling  the  hemp   •    ...  419 
Brealle's  method  of  steepag 

ditto 418 

Dew  Retting 4i7 

Duncan's  rope  making      .    .  4«0 

Hemp-mill 419 

Ratnbeard's  method  of  steep* 

inghemp 9b, 

Swingling  or  scotching   the 

hemp 4S0 

S4NDAR4C  varnish      ....  743 

Saw.gin     ........  378 

Saw-mills 441 

by  Smart        445 

Scapement 515 

Recoiling •    .  516 

by  Camming       •    .    .    •    .  517 

for  watch        516 

byReid           519 

Ditto          5SI 

De  la  Pons 594 

Sheet  lead,  Chinese      ....  7fr 

Silk  manufacture    .    .    .    .    .  S9f 

Doubling  machine    •    .    .    •  399 

Silk  reel 393 

Throwsting-mill 396 

Winding  machine     ....  395 
Silk,  satin,  6ec.,  to  gild  by  hydro- 
gen gas 7f9 

Silver  to,  assay  .•••..  763 

Double  assay  of ib. 

Parting  by  aquafortis  •    .     •  765 

by  cementation     •    •    •     .  767 

in  the  dry  way      ....  Aw 

Imitation  of        714 

To  separate  from  plated  copper  7S5 
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Silver  to,  conptr  higoti    ...  725  Stereotype  ^latee     •       -       -  7ii 

it  the  cold  way ib.  StrengA  of  ttalerialt       *       •  S18 

Silvcritig  glaftB  globes,  liquid  foil 

ibr 7«8  Tachometer  by  Dooida         -  39 

Silver-tree,  to  prepare  the    .    .  726  Teeth  of  wheels       ^       -       -  t5 

Stsople  combinations  of  the  no-  Spur  geer     -        -        -       «  t6. 

chaoical  powers 16  Wheel  and  Trmidle  -       -  f  4 

Slating,  vide  Bnilding  To  describe  teeth  for  ditto 

Solder,  common fl9  by  circular  arcs     •       -  ift. 

Soft ib.  Wheel  and  pinioD     -       -  ^. 

for  steel  joints     .....  4b,  Leader  and  follower  •       •  fl& 

Brass  solder  for  iron     ...  713  Follower  witib  staff  teeth    -  ib. 

Gold ,  tfr.  Wheels  which  eomblBe  the 

Silver  solder  for  jewellers  .    .  tfr.  ad  vantages  of  both  pioioB 

Specula  of  telescopes 7iO  and  trundle  -        -        -  t6 

Spiral  pomp       t37  Internal  pinion          -        -  t7 

Spar  geer       f  3  Rack  and  pinion        -       -  ift. 

Statues,  compositioii  of  ancient  7i3  Bevel  geer  -       -       -       -  f8 

Steam  engine 164  Throwsting-mill       ...  J96 

byBeighton 169  Tide-mills        -        -        .       .  94 

Homblower IBS  Tilt  hammer    ....  335 

NewcomcD 168  Tinning,  Knstitien's  metal  for  ^  710 

Savary 166  Tin  to,  copper  and  brass  .        -  726 

Watt 170  Iron  and  copper  vessels.        •  tb. 

Woolf 191  Lead  pipe    .       -       -       .  ifr. 

Boiler  .....  i8l  Tin-tree,  to  prepare  the    -       •  tfr. 

Crank  and  fly  wheel     *       .  170  Tombac           ....  710 

Eccentric  motion  -        -        .  178        Red ib. 

Four,  way  cock     ...  174  White           ----*. 

Parallel  motion    ...  i79  Tortoise  -  shell,    imitation    for 

Pistons-       ....  177  watch-cases       -        -        -  738 

Plug-tree      .       .        .        .  ifr.  Tamer's  varnish  for  box-wood  746 

Steam  gsnge-       .       1       -  181  Totasia  or  Britannia  metal      -  708 

Sun  and  planet  wheels  -        -  169  German        ....  709 

Valves,  coaeentrie       -       .  177  Spanish         .       .       .       .  |5. 

ditto  -      .        -        -        -  176  J&igestroom  ----*. 

Vy  Murray         -        -        -  175  Trevitheck's  pressure  engine     •  246 

Safety       -        -        -        -  167  Tympanum       .        .        .        .  ffg 

System  of          -        -        -  17.> 

by  Woolf ....  204  UNDBRSHOT-wheel  ...  85 

Bell-crank  engine          .       -  205  by  Lambert          •       •       -  72 

High.pre8sure  engine    -       -  207  Smeaton's  experiments  on     -  67 

Locomotive  engine               -  209  Rnles    for  constructhig,    by 

Ditto    -*•--•&.  Ferguson  -       -  114 

Rotatory  engine           -       -  206  Brewster         -       -  117 

Vibrating  enghie           •       -  tfr.  Univeml  joint         .       .       .  3t 

Lean*s  reports               -        .  209  Double         .       .        .        *  ift. 

Woolfs  Tables              -        -  193  Useful  Receipts        -        -        -  707 

General  observations             •  212 

Steel  manufacture    ...  340  Varnish,  amber,  with  essanoe 

Converting  furnace      •       -  343  oi  turpentine    ...  714 

Steel,  cast        ....  770  Black            .        .        •        «  732 

to  convert  iron  into       -       «  769  For  old  straw  or  chip  hats     -  749 

to  colour  it  Utte    -        -        -  771        Bine 732 

to  distmgnish  it  from  Iran      -  ifr.  Brick.red     -•-•#• 
to  gild 724  Camphorated  masti«,  for  paint- 
Edge  tools  of  cast  itiM  and  higs  .'       .       .       •       1*  148 
iron  •       .        -        .       .  771  Caoat€hoo8          .        •        •  fSS 
Hardenina  of       -       -       •  T69  Chamois  eoloar     •       •       •  788 
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Vamiib  Pase. 

Coloured  compotitJiMi  for  ren. 
dcrioff  Uoen  umI  cloth  impe- 
netrable   -       -       -        -    95t 
Coloored,  for  violias      -        -    7«ft 
Common  wuc,  or  vamuhed 

cloth 75f 

Componnd  mafttic         -       ->    7411 

Copal,  camphorated      -        •    739 

Colonrlcm         •       -        -    738 

Ethereal    ....    740 

Fat  amber,  or   -  -    74« 

Fat 737 

Gold  coloured    -        •        -    738 

TorpentiBe        -        -        -    740 

White        ...        -    731 

Fat  amber    -  -        -    741 

Fat,  of  a  gold  colour    •        •    746 

Fat  turpentine,  or  golden  tfr. 

•    Flaxen  i^rey  -       -        .        -    73« 

Gallipot        .        -        -        -    747 

Mastic       -        .        -        •    748 

Green 7Sf 

MordanU      -  -    748 

for  gilding         -        •        •      16. 

Pearl  grey    -        -        -        -    732 

Purple  -        -        .        .      tft. 

Red ib. 

Red  Brick  -        -        •      ib, 

ReftinooA  drying  oil        -        -    737 
Sandarac      .        -        .        -    743 
Compound         ...    744 
Spirituous  •>        -        •      t6« 

Turner's,  for  box-wood  -    746 

Violet 73S 

Yellow  -        .        .        -      «6. 

Forhalloons         ...    750 

ditto  .        -        -        -    761 

Coloured  drawings    •       -    749 

Drawings  and  card  work    -    760 

Dressing-boxes  -    747 

Glass        -        -        -        .760 

Harps  and  Dnkiroers         >      ib. 

Indian  shields    ...    735 

I'ales  and  coarse  wood      -    749 

Silk!i,&c.  .        -        -    734 

Umbrellas  -        -        -      ifr. 

Violins      .        -        -        -    73« 

Ditto        ....    745 

Watch-cases      ...    738 

To  dissolve  elastic  gum         -    73f 

To  give  a  drying  quality  to  fat 

oils  -        -        -        -    736 

to  poppy  oil       -        -        -    736 

To  make. painters'  cream.       .    743 

To  paint  saiUcIoth,  so  as  to  be 

pliant,  durable,  and  imper. 

vions  to  water  -        -    761 

To  thicken  linen-cloth  for 

screens  -        -        -    752 
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Which  resisU  the  action  of 

boiling  water     -       -        .    749 
To  make  liquid  paste    with 

drying  oil  -        -        -.       -    763 
To  prepare  fine  printed  var- 

nbbedctoth       -        -       .      tfr. 
To  prepare  varnished  silk      -    764 
Topolirti      -       -        -        -    755 
To  recover  .-..*. 
Vertical  wind-mills,  vide  Wind- 
mills 

Watch 500 

Table  of  tiaina     ...    504 
Escapement  -       -        -    185 

Watch-cases,  imitation  of  iof- 

toise shell-        -        -        -    7S8 
Water-wheel,  breast         -        -     87 
in  which  the  water  runs  over 

the  shuttle  .  -  -  89 
with  two  sliuttlet  .  -  90 
by  Lloyd  and  Ostel  -      89 

Overshot  -  .  -  -  75 
with  40  bqckets  -.  -  Sf. 
Smeaton*s  experimcnfii  on  79 
by  Bums  - .      -  .      •      84 

Chain  of  bockets  .  -  86 
Chain  pomp  reversed  -  ib. 
Method  of  bying  on  water 

byNouaiUe  -        -    Hi 

as  practised  in  Yorkshire    -    119 

Undetihot  .        .        -      65 

Smeatoii's  cxpecunents  on        67 

by  Lambert      .        .        -      7f 

Method  of  constmcting  by 

Ferguson        -        -        -    114 

Brewster       -        -        -117 

Barker's  mill        .        -        -     9t 

Mill  courses  -        -        -    105 

Penstock  by  Quay  le      -       -    109 

Pentrongh  by  Smeaton         -    HO 

Sluice  governor    -        •        -    li."^ 

Tide-mills    ....      94 

Water.conrses  and  dams        -    107 

Wheel-race  and  water-course    104 

Treatises  on  mill-work  -    ISO 

Water-spinning        ...    386 

Reel 387 

Spinning  frame     .        -        -      ifc. 
Throstle       ...-*. 
Weaving  -        -        -        .    410 

Common  Fabric  -  -  •»  411 
Common  loom  -  -  -  4I2 
Dhiiity  or  kerseymere  -      ib. 

Double  cloth  -  -  -  16. 
Power  looms  -  -  -  413 
Tweeledpaltem  -        -    4H 

Wedge .1' 

Combinations  of  the      -        -      II 


Wkeelfl,  wheel  and  trnndel 
Wheel  and  pinion 
Leader  and  follower     - 
Which  combine   the   advan- 
tages  of  the  pinion  and  trandle 
Wheel  and  axle    •     -        -        - 

combinations  of  the 
White  metal     -        .        -        - 
Wind-mill,  vettical,  Post-mill   - 
Sniock-mill        .        .        . 
Smeaton'a  experiments  on  - 
Sails,  rales  for  modelling 
by  Hall  Gower      - 
by  Baines      - 
Clothing  and  unclothing 
while  in  motion 
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Page. 
Wind-mill 

Equalizing  tite  motion  of  1S3 

Mill  with  8  qiiadraugnlar  sails  155 

Horizontal    -        .        -        -  159 

Wire  oayanufactnre             -        -  S44 

Draw-beuch          ...  345 

Draw-plates          -        -        -  348 

Ditto    -        -        -        -        -  554 

Hand  machine      ...  345 

for  musical  instrnments     -  347 

Mouchers  mannfactory          -  349 

Wollaston's  experiments        -  356 

Writings,  drawings,  &c.,  to  gild  7Sl 
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133 
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Yellow  gold,  to  heighten  the 
colour  of  -        -        -        - 
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DIRECTIONS  IX)  THB  BINDER. 

Plate  1  to  face  Page      2           PlAte47  lofaco  Page  334 

2  12  48       336 

3  22  49       34$ 

4  26  50»51. 52 366 

5  30  53 370 

6  36  54      374 

7  62  55       380 

8  74  56      382 

9  86  57      390 

10  94  58      412 

n  112  59      1    3^ 

12  124  60      S    ^^ 

13  130  61       402 

14  134  62      404 

15  136.  63      • 406 

16  142  64      442 

17  148  65       446 

18  162  66       448 

19  168  *67      68    424 

20  174  69       426 

21  178  70       434 

22  184  71       440 

23  206  72       486 

24  214  73      488 

25  215  74      492 

26  i30  75      500 

27  240  76       512 

28  248  77      516 

29  258  77*     520 

30  262  78       540 

31  264  79       542 

32  268  80      562 

33  272  81       568 

34  *....  276  82       570 

35  282  83      574 

36  292  84      576 

36*     296  85       590 

37  300  86      592 

38  302  87       598 

39  308  88      ., 602 

40  310  89       674 

41  312  90      682 

42  320  91       686 

43  322  92      690 

44  324  93       648 

45  288  94       650 

46  334  95       668 

N.B.  The  anthor  would  advise  such  of  the  pardiasera  as  intend  to 

have  the  work  bound,  to  have  the  plates  pnt  in  a  separate  Tolnma. 
*  67, 08,  must  be  guarded. 
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This  book  should  be  returned  to 
the  Library  on  or  before  the  last  date 
stamped  below. 

A  fine  of  five  cents  a  day  is  incurred 
by  retaining  it  beyond  the  specified 
time. 

Please  return  promptly. 
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